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LIGHT ABSORPTION BY IODINE VAPOUR UNDER 
CONDITIONS PRODUCTIVE OF JOSHI EFFECT 


By K. VENKATESWARA RAO, D.Sc. 


Received November 23, 1948 
[Communicated by Prof. S.S, Joshi, p.sc. (London), F.R,I.C., F.A.SC.] 


Srupies of light absorption have aided greatly not only in the elucidation of 
molecular structure but in the case of reactive systems, also of the significant 
mechanism of quasi-chemical and physical reactions such as the Budde 
Effect®, the nitrogen after-glow”!, etc. With improved technique developed 
in these Laboratories, a constant Joshi Effect corresponding to about 50% 
instantaneous and reversible current diminution under visible light has been 
observed in iodine vapour as against a low % Aji reported by Joshi and 
Bhatt®}°. Destruction under irradiation of ‘ metastables’ or/and a photo- 
increase of ionic recombination was suggested early by Prof. Joshi? * 4% 7. 19 
as possible factors in the production of Joshi Effect. Skoreko'* who studied 
the absorption spectrum of I, at high temperatures obtained two continua 
in absorption at 3413 A and 3263 A. By further increasing the temperature, 
anumber of diffuse narrow bands are developed overlapping the continua. 
E. Rabinowitch and W. C. Wood" have studied the influence of irradiation 
onl, and came to the conclusion that the photo-chemical process is 
I,+ hy 1+ 1 with a quantum efficiency of unity. Furthermore, the com- 
plementary nature of the emission and absorption spectrum obtains in 
iodine! as against bromine and chlorine. It was of interest therefore to 
investigate the spectral characteristics, especially the absorption spectrum 
of iodine vapour, while under excitation productive of a large Aj. 


1. lodine vapour was excited under transformer discharges produced 
under various types of tubes. The one (chiefly) employed in this work was 
designed by Prof. Joshi and is specially adapted for purposes of present work 
as it provides a large depth of the absorbing column of the excited medium. | 
This discharge tube (B, Fig. 1) is essentially a modification of the familiar 
Siemens’ ozoniser. The two glass (or silica) tubes are sealed with an internal 
joint at the side, their axes being parallel but not identical. The inner tube 
may be silvered or filled with mercury (or some conducting solution such as 
that of NaCl) and constitutes one electrode. The outer tube is wound over 
tightly, solenoid like, with adequately spaced turns of thin copper wire which 
constitutes the other electrode. The outer tube may have well flattened 
ends or be cemented with suitable windows appropriate to end-on irradiation 
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(see Fig. 1). The axis of the inner tube was lower than that of the outer | 
tube; discharge was therefore concentrated in the lower part of the annular | 
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Fic. 1. (Discharge Tube B) Light Absorption, under Electrical Discharge and Joshi Effect 


space than at the top. The slit of the collimator was in front of this lower 
part of the annular space. The spectroscope received therefore the light 
which traversed the entire length of the vapour, while under excitation pro- 
ductive of Joshi Effect by its passage. With the tube B, the absorbing length 
was about 46cm. The absorbing length can be increased almost indefinitely, 
by sealing long enough tubes and if necessary, employing a number of them 
in series; the end pieces of the outer tube have then to be optically flat. 


In addition to the above type discharge tubes, a number of Siemens’ 
ozonisers were used of which ozoniser A referred to in Table I was one. The 
annular surfaces of all the ozonisers used were treated 5-6 times with a 
solution in absolute alcohol of (extra pure Merck’s) potassium iodide and 
iodine. After the coat had dried up, a small amount of very finely powdered 
iodine was introduced in the annular space, so as to give a surface of free 
iodine. The ozoniser was next evacuated on a Topler pump and finally 
sealed off. Results of numerous experiments with iodine coats, obtained 
by evaporating off solution in rectified spirit, methyl alcohol, water, benzene, 
chloroform or CCl,, with and without potassium iodide showed that the 
Joshi Effect was \argest (viz., 53% current diminution) with an annular film 
prepared as mentioned above. The ozoniser was excited at a series of 
applied potentials kV (kilo-volts, r.m.s.) of 50 cycles frequency obtained 
with a rotary converter worked off 220 volt D.C. mains. The ozoniser was 
enclosed in an opaque box (not shown in Fig. 1) which also contained a 
bulb of the desired wattage for irradiating the system transverse to its axis 
(vide infra). The discharge current i was observed with a sensitive mirror 
galvanometer, actuated by a Cambridge Vacuo-Junction (Fig. 1). The 
galvanometer deflections are proportional to i?; from their values with the 
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Light Absorption by Todine Vapour 213 
ozoniser in dark (ip?) and under light (i,,”), the corresponding current in 
dark (i,), that under light (i,), the net Joshi Effect ip ~ i, = Aji and its rela- 
tive value 100Ai/ip= %Ai are obtained at a given exciting potential (kV). 
The generality of these results is illustrated sufficiently by typical data with 
two ozonisers, A (Siemens’ type) and B (modified type) (Table 1). 




















TABLE I 
Production of Joshi Effect in Iodine Vapour under Silent Discharge 
AV ip? | i,? | is $e | Ai | % Li 
| 
(2) Ozoniser A was irradiated transversely with 180 volts, 10 watt bulb 

) 

] | 
0-69 3-0 1-0 | 1-7 1-0 0:7 41 
0°75 45 1-0 2-1 1-0 1-1 52 
0-80 4-7 1-2 2-2 1+] | 1+] 50 
0°85 4:5 | 1-0 2-1 1-0 1-1 52 
0-90 5-0 | 1-5 2-2 he | 1-0 46 
1-07 5-6 1-6 2-4 13 | 1-1 46 
1:17 5-5 1-5 | 2.3 1-2 | 1-1 48 
1-33 5-6 2-0 | 2-4 1-4 | 1-0 40 

| 

(4) Ozoniser B irradiated longitudinally with 180 volt, 200 watt bulb 

| 
0-59 18-0 | 14-5 4-2 3°8 0-4 20 
0-64 24-0 | 15°5 4+9 3-9 1-0 20 
0-69 4.5 15-5 5-0 3-9 1-1 22 
0-75 27-5 17°5 5-2 4-2 1-0 20 
0-80 28-5 | 1765 5:3 4+2 1+ 21 

(c) Ozoniser B was irradiated transversely with above light source 

| | 
0-59 | 18-0 | 2-5 4-2 1:6 2°6 62 
0-64 =| 23-5 35 49 1-9 3-0 60 
0-69 | 29-0 | 54 5:4 2-3 3-1 60 
0:75 | 37-5 6-4 5-8 2-6 3-2 55 
0-80 | 37-0 74 6-1 2-7 3.4 56 

| 











2. Two series of experiments were carried out in which the ozoniser 
B was irradiated longitudinally, i.e., in the end-on position and transversely, 
ie, in the broad-side-on position. Ozoniser A could be irradiated only 
transversely. It will be seen that for ozoniser B ceteris paribus % Ai is 20 
in the former mode of irradiation and about three times its value, i.e., 60 
in the latter. Similar results have been observed by Deo working in these 
Laboratories in chlorine excitations. Results were also obtained for the 
Joshi Effect in iodine when only a portion (e.g., } of the length) of the ozo- 
nhiser was exposed to light. It was found that %Aji which was only 3-4 
with this partial irradiation increased to more than eightfold, viz., 50 on 
complete irradiation. This coupled with the fact that longitudinal irradia- 
tion to which the entire volume of the gas and only a part of the surface due 
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to multiple reflections are exposed, gives only 20% Joshi Effect, indicates 
the significance of the absolute area of the excited surface as a determinant 
of Ai as postulated in Joshi’s Theory.® 1°. The ozoniser B was therefore 
completely and transversely irradiated; with this on, the system was irradi- 
ated in the end-on position for a record of the absorption spectrum. The 
ozoniser A, on the other hand, was irradiated transversely and the light thus 
transmitted was analysed for the absorption spectrum. The Joshi Effect 
was studied in the range 0-5 to 1-5 kV. Results in Table I show that an 
increase in the applied kV increases Ai initially by but a limited amount 
and remains practically constant thereafter.' The relative Joshi Effect on 
the other hand tends to decrease due to the comparatively rapid increase 
in i, with kV. The excitation potential used in the light absorption experi- 
ments now to be mentioned was about 30% higher than V,,, corresponding 
to 56% Joshi Effect as against 62% at V,,, so as to ensure light absorption 
under a regime of steady i (which tended to fluctuate near V,,).* 1”. 18 6 


3. The absorption spectrum of normal iodine and that excited simul- 
taneously electrically and by irradiation was recorded with a Hilger constant 
deviation spectrograph, using Kodak panchromatic plates. Two spectro- 
grams, typical of a large number obtained over widely varying conditions 
of the experiment with ozonisers A and B are shown in Plates IV and V 
(Fig. 2). A notable feature of the spectrum with ozoniser B is the well defined 
banded absorption (Plate V, Fig. 2) which is absent when ozoniser A was 
employed due to the insufficient length of the absorbing column (Plate IV). 
A visual examination of these and numerous other absorption spectra of 
iodine in the normal and excited state fail to show any perceptible alteration 
in the intensity distribution. This was further examined by a study of the 
relative spectral intensities with a photometer.?? Observations of the relative 
spectral intensities for the spectrograms in Plate V (Fig. 2) show that the 
variation in density as recorded by the photometer agreed with the visual 
estimate. 


The spectrograms were next measured by means of a travelling micro- 
scope; the wavelengths of the bands were computed by applying Hartmann’s 
dispersion formula. It was found that the wavelengths of the bands of the 
two spectra (obtained with and without exciting iodine) agree closely. The 
absorption spectrum in iodine vapour has been studied exhaustively by 
Mecke™ using a concave grating. The author’s results for the wavelength 
positions for the band heads agree with those of Mecke™ near the convergence 
limit, a difference of 8 to 18 A was noted at longer wavelengths. This is 
due to the fact that the available spectrograph has a low dispersion in the 
longer wave-lengths (64 to 83 A/mn. from 5391 to 6265 A) wherein most of 
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the iodine bands are situated. A chief object of this enquiry being the 
observation of the intensity distribution, if any, in the spectrum with and 
without electrical excitation at potentials productive of maximum Ai, and 
not so much the measurement of the wavelengths of the different bands, 
it would appear on the whole reasonable to suggest that the absorption 
spectrum of normal iodine does not differ sensibly from that exposed to 
silent discharge plus irradiation at potentials causing maximum Joshi Effect. 


4. Joshi has suggested that the Joshi Effect is closely associated with 
the electron affinity! 24 1°. 1° of the gas which is enhanced under excitation. 
The electron affinity of the three halogens varies in the order Cl, > Br, > Ik. 
The displacement of the emission bands is attributed to the stronger electron 
affinity of Cl, and Br, compared with that of iodine. Nakamura suggests 
that an intimate relationship might exist between the electron affinity of 
the element and the corresponding displacement. It was felt, therefore, 
that a study of the emission spectrum of iodine might give some information 
of the nature of the excited particles distinctive of the discharge space under 
irradiation and responsible for the Joshi Effect. The magnitude of % Ai has 
(generally) a maximum value at and slightly above the threshold potential, 
V,,; the intensity of the discharge under these conditions is, however, 
extremely low. A considerable increase in the applied potential above V,, 
enhances the glow intensity but brings about a rapid diminution in the corres- 
ponding °% Ai. The emission spectrum of iodine at potentials of maximum 
Joshi Effect needed far too long exposures (> 1,000 hours). Moreover, i 
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was impossible to ensure the constancy of the operative conditions over 
such long periods. Working with chlorine, excited by potentials productive 
of over 70% Joshi Effect, Deo™ found the glow intensity so low as to require 
an exposure of some 300 hours, despite a rather wide slit to get a tolerably 
measurable spectrogram with the instrument now used. Deo! has inferred 
the emitter to be Cl,+. He also reports the absence of atomic lines found to 
be so conspicuous when a high frequency or a transformer discharge is 
employed. Hence, an attempt was made to ascertain if a change resulted 
consequent on irradiation in the emission spectrum of iodine excited in a 
Crookes’ type discharge tube. It will be seen from Plate V (Fig. 3), which is 
typical of a series of results obtained, that irradiation of the Crookes’ type 
discharge tube by an incandescent lamp has no effect on both the wavelength 
positions and even the intensity distribution in the emission spectrum of 
iodine. These findings offer indirect evidence to the conclusion already 
arrived at, from a study of the absorption spectrum and support Joshi’s 
Theory that the seat of Ai phenomenon is in an adsorption-like boundary 
layer and not in the bulk of the excited gas. 


The author wishes to express his grateful thanks to Prof. S. S. Joshi, 
D.Sc. (London), F.R.I.C., F.A.Sc., Head of the Department of Chemistry, 
Benares Hindu University, for suggesting the problem, kind interest and 
valuable guidance. 

SUMMARY 


The absorption spectrum of iodine was studied using a special design 
(due to Prof. Joshi) ozoniser which provided an absorbing column of about 
46cms. lodine vapour in presence of an annular film of I,, KI and KI, 
excited in the above ozoniser, due to potentials varied in the range 0-5 to 
1-5 kV of 50 cycles frequency gave a negative Joshi Effect corresponding to 
a current decrease in ordinary light of 50-60%. The Effect % Ai is maximum 
near the threshold potential, V,,. The area of the surface exposed to the 
radiation is an important determinant of Ai. Under transverse irradiation 
Ai was much greater than under longitudinal one. The iodine glow near 
maximum Aji, was too feeble for spectroscopic record. Absorption spectra 
of unexcited iodine and for that under (transverse) irradiation at exciting 
potentials near maximum Joshi Effect were sensibly the same in respect of 
wavelength position of, and the intensity distribution amongst, the absorp- 
tion bands. This applies to the iodine spectrum in Crookes’ tube discharge 
in dark and under ordinary and Hg-arc light. The main seat of the pheno- 
menon may not be therefore in the bulk of the excited gas but in an adsorp- 
tion-like boundary layer as postulated in Joshi’s Theory. 
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Absorption spectrum of iodine 
Ozoniser A excited at 1.07 kV 
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Absorption Spectrum of Iodine 
Ozoniser B excited at 0.8 kV 
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Emission Spectrum of Iodine 


Time of exposure 
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IN connection with the work on nuclear oxidation in the flavone series! 
using potassium persulphate, authentic samples of 7: 8-dihydroxy and di- 
methoxy flavones were required. Earlier methods were as follows: 
(1) Kostanecki and his workers? obtained the dimethoxy flavone starting 
from 2-hydroxy-3: 4-dimethoxy acetophenone and passing through the 
corresponding chalkone. (2) The condensation of gallacetophenone with 
benzoic anhydride and sodium benzoate was adopted by Venkataraman.® 
The yield was poor. (3) Baker* reported that the tribenzoyl ester of gallaceto- 
phenone underwent migration in the presence of potassium carbonate in 
toluene solution to yield the w-benzoyl ketone which could be converted 
into 7: 8-dihydroxy flavone by cyclisation and hydrolysis. (4) Later Seka 
and Prosche® prepared the same compound by a still different procedure, 
They condensed pyrogallol with the acid chloride of phenyl propiolic acid 
using anhydrous aluminium chloride in nitrobenzene solution and allowing 
to stand for 14 days. 


In order to obtain improved yields by the simpler and more direct 
method, the dimethyl ether of gallacetophenone has now been condensed 
with benzoic anhydride and sodium benzoate under conditions of Allan- 
Robinson condensation; this gives 35-40% yields of 7: 8-dimethoxy flavone. 
This ether has also been made by adopting Baker and Venkataraman’s 
method. For this purpose the benzoate of the dimethyl ether of gallaceto- 
phenone has been used and subjected to migration using sodamide. The 
reaction proceeds smoothly yielding w-benzoyl gallacetophenone dimethyl 
ether which subsequently undergoes ring closure producing very good yields 
of 7:8-dimethoxy flavone. It has been finally demethylated using hydriodic 
acid to yield 7: 8-dihydroxy flavone. The properties of the dihydroxy com- 
pound and of the dimethyl ether agree with the descriptions already given. 


hydroxyl groups are the methylene ethers. Methylenation of 7: 8-dihydroxy 
flavone and 3-methoxy-7: 8-dihydroxy flavone proceeds smoothly with 
methylene sulphate and potassium carbonate in acetone solution; the pro- 
ducts are described, 
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A Wote on 7: 8-Dimethoxy Flavone 


EXPERIMENTAL 

7: 8-Dimethoxy flavone 

First method.—Gallacetophenone-3: 4-dimethyl ether (5 g.) was inti- 
mately mixed with benzoic anhydride (12 g.) and sodium benzoate (7 g.) 
and heated on an oil-bath at 180-90° for 6 hours under reduced pressure. 
The reaction product was refluxed with 10% alcoholic potash (6 g.) for half 
an hour. The alcohol was removed under reduced pressure and the 
precipitated flavone was extracted with ether and the ether solution con- 
centrated when a brown solid crystallised. This was filtered and recrystal- 
lised from alcohol and ethyl acetate when 7: 8-dimethoxy flavone separated 
as colourless rectangular rods melting at 151-52°. Yield, 2 gm. 


Second method.— 


2-Benzoyloxy-3: 4-dimethoxy acetophenone.—This was prepared by the 
benzoylation of 2-hydroxy-3: 4-dimethoxy acetophenone (5 g.) in pyridine 
(10 c.c.) with benzoyl chloride (4-2¢.c.). The mixture was heated in a 
boiling water-bath for 1 hour and poured into ice-cold dilute hydrochloric 
acid. The benzoate was crystallised from hot water when it separated as 
colourless needles melting at 103-4°. (Found: C, 68-4; H, 5-7; C,,H,,O, 
requires C, 68-0; H, 5-3%.) Yield, 7-5 g. 


2-Hydroxy-3 : 4-dimethoxy-dibenzoyl-methane.—A mixture of the benzoyl 
derivative prepared above (3 g.), dry toluene and powdered sodamide (5 g.) 
was heated at 100° for 4 hours with frequent shaking. The solid was 
filtered, washed with benzene and added in small lots to ice-water. The 
clear yellow alkaline solution was saturated with carbon dioxide, extracted 
with ether and the ether extract distilled. The dibenzoyl methane crystallised 
from alcohol as bright yellow rectangular prisms melting at 106-7°. (Found: 
C, 67-8; H, 5-7; C,,H,O; requires C, 68-0; H, 5°3%.) Yield, 2g. In 
alcoholic solution it gave a deep brown colour with ferric chloride. 


Ring closure.—The dibenzoyl methane (2 g.) was cyclised by refluxing 
in glacial acetic acid solution (20 c.c.) with sodium acetate (2 g.) for 4 hours. 
The 7: 8-dimethoxy flavone that separated out on pouring the reaction 
mixture into water was crystallised from alcohol. It formed colourless 
rectangular rods melting at 151-52°. (Narasimhachari, Row and Seshadri! 
gave the same melting point). Yield almost quantitative. 


7: 8-Dihydroxy flavone 


On demethylation using hydriodic acid the above dimethoxy compound 
yielded 7: 8-dihydroxy flavone crystallising from alcohol as pale yellow stout 
rhombic prisms melting at 242-43°. Mixed melting point with the nuclear 
oxidation product of 7-hydroxy flavone’ was undepressed, 
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7: 8-Methylene dioxy flavone 


The above 7: 8-dihydroxy flavone (0-5 g.) was refluxed in anhydrous 
acetone solution (40c.c.) with an excess of methylene sulphate (0-66 g. 
added in two lots, one at first and the other after 10 hours) and anhydrous 
potassium carbonate (4 g.) for about 20 hours. The solution was first green, 
then slowly changed to yellow and finally colourless. The mixture was 
filtered, the potassium salts washed with hot acetone and the filtrate evapo- 
rated. Water and sodium hydroxide were added to the residue, heated in 
a water-bath and filtered. The insoluble portion that remained on the filter 
was crystallised twice from ethyl acetate. It came out in the form of colour- 
less long needles melting at 208-9°; yield,0-2g. This gave the deep brilliant 
blue colour, characteristic of methylene-dioxy compounds when treated 
with a trace of gallic acid followed by concentrated sulphuric acid. (Found: 
C, 72:4; H, 3:9; CygH iO, requires C, 72-1; H, 3°8%.) 


Following the same procedure 3-methoxy-7: 8-dihydroxy flavone ® was 

. methylenated. The product crystallised from ethylacetate in the form of 

colourless prisms melting at 170-2°. (Found: C, 69-2; H, 4:3; C,,H,.0; 
requires C, 68-9; H, 4:0%.) 
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NUCLEAR OXIDATION IN FLAVONES AND 
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Part XX. Oxidation of Gossypetin to 6 : 8-Dihydroxy Quercetin 
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Ir was reported! earlier that the oxidation of gossypetin pentamethyl ether 
(I) with a free hydroxyl group in the S5-position could not be carried out by 
means of alkaline persulphate. Ortho-oxidation in the 6-position did not 
take place with this reagent (single stage process). Since the two-stage 
ortho-oxidation was subsequently found to proceed quite satisfactorily in 
the 8 and 5’ positions? of flavone derivatives, attempt has now been made 
to utilize this method for the oxidation of the above mentioned gossypetin 
derivative in the 6- position. This experiment was particularly needed for 
the planning of other work in progress in this laboratory and the choice of 
gossypetin was made because of its fairly easy accessibility. Further the 
oxidation product, 6: 8-dihydroxy quercetin (III) was required in connec- 
tion with the study of the physiological properties of hydroxy flavones and 
an investigation of alternative methods for its preparation would be useful 
in order to get it in the best yield. Other methods of preparation were 
described earlier.* * 


Gossypetin pentamethyl ether (I) could be readily made by the partial 
methylation of gossypetin. On condensation with hexamine in acetic acid 
solution, it was found to give a mixture of two products in almost equal 
proportions. One of these was the 6-aldehyde (II) capable of forming readily 
a dinitrophenyl hydrazone and undergoing oxidation with alkaline hydrogen 
peroxide to the 5: 6-dihydroxy compound (III) which represents a new type 
of partial methyl ether. It undergoes further methylation to yield the known 
heptamethyl ether of 6: 8-dihydroxy quercetin. The method is general 
and is capable of application to the whole series. The second product of 
hexamine condensation exhibits no aldehydic properties and agrees with 
the requirements of the diflavonyl methane formula (IV). 


The behaviour of the isomeric pentamethyl ether of gossypetin with 
a free 7-hydroxy group (V) was next examined. This substance is readily 
obtained by the hydrolysis of gossypitrin pentamethyl ether and can also 
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be synthesised by the method adopted by Baker, Nodzu amd Robinson‘ 
with the simplification suggested by Rao, Rao and Seshadri. But it did not 
undergo condensation with hexamine and was recovered unchanged. This 
marked difference in the behaviour of the two isomeric partial methyl ethers 
of gossypetin may be explained on the basis of a possible fixation of aromatic 
double bonds, the bond between the 5 and 6 positions exhibiting marked 
double bond character and the one between 6 and 7 positions lacking it.® 


A marked improvement in the synthetic work could be effected if the 
above mentioned ortho-oxidation can be carried out with the tetramethyl 
ether of gossypetin having free hydroxyl groups in the 5 and 8 positions (VI). 
This quinol can be easily made starting from quercetin, preparing quercetin- 
tetramethyl ether and oxidising it with alkaline persulphate.? Actually the 
new procedure is not only feasible but is further advantageous because the 
quinol condenses with hexamine readily and yields only one product, the 
aldehyde (VII) which can subsequently be oxidised with hydrogen peroxide 
to the hydroxy-quinol derivative in good yield. The final compound again 
represents a new type of partial methyl ethers, having the three hydroxyl 
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groups in the 5, 6 and 8 positions free (VIII). On methylation it yields the 
same heptamethyl-ether of dihydroxy quercetin as mentioned above. These 
experiments have also considerable synthetic value in allied fields and they 
are being investigated. 
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(VIII) 
EXPERIMENTAL 
3: 7: 8: 3’: 4'-O-pentamethyl-gossypetin-6-aldehyde (IT) 


Pentamethyl gossypetin (2 g.) was dissolved in glacial acetic acid 
(25c.c.), hexamine (10 g.) added and the mixture gently refluxed on a wire- 
gauze for 6 hours. The solution which was bright yellow in the beginning 
turned dark red; at the end of the period a mixture of fuming hydrochloric 
acid (d. 1-19) and water (1:1; 20c.c.) was added and the refluxing conti- 
nued for another 15 minutes. The solution was cooled, diluted with a 
large volume of water, saturated with sodium chloride and allowed to stand 
overnight. A bright yellow solid separated which was filtered, washed with 
water and crystallised from alcohol-acetic acid mixture. The aldehyde 
separated out crystalline and pure. After a second crystallisation from the 
same solvent it was obtained as small yellow prisms melting at 181-2°. 
Yield, 0-6 g. It was sparingly soluble in alcohol and ether but dissolved 
readily in acetone and acetic acid. It gave an yellow solution in concentrated 
sulphuric acid and a brown colour with ferric chloride in alcoholic solution 
(Found: C, 60:8; H, 5-1; C.,)HeO, requires C, 60-6 and H, 4-8%). 


The dinitrophenyl hydrazone was prepared by boiling the compound 
with dinitrophenyl hydrazine in alcoholic solution for 10 minutes. On 
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recrystallisation from alcohol it melted at 264-5° with decomposition and 
appeared as orange yellow plates under the microscope (Found: C, 54:2; 
H, 3-9; Cs,Ho4N,O,. requires C, 54-4 and H, 4-0%). 


On diluting with water the mother-liquor from the crystallisation of 
the aldehyde a yellow compound was precipitated which was purified by 
recrystallisation from alcohol. It appeared as slender yellow needles under 
the microscope and melted at 95-6°. It dissolved in alkalies to a yellow 
solution and gave a pale brown colour with ferric chloride in alcoholic 
solution (Found: C, 62:0; H, 5°4; C4y,H4 0;, requires C, 62:4 and 
H, 5-1%). 


The compound did not give a dinitro phenyl hydrazone. It was 
unaffected on oxidation with hydrogen peroxide in alkaline solution for 
half an hour, but on keeping longer veratric acid could be isolated from the 
reaction mixture. 


5: 6-Dihydroxy-3: 7: 8: 3': 4'-pentamethoxy flavone (IIT) 


The above aldehyde (1 g.) was suspended in Sc.c. of 2N sodium hydr- 
oxide and enough pyridine added to dissolve it. The yellow solution was 
cooled in ice-water and 6% hydrogen peroxide (6c.c.) was added in small 
quantities during 15 minutes with thorough mixing. The mixture assumed 
a deep reddish-brown colour. It was left in the ice-bath for another fifteen 
minutes with occasional shaking. The solution was then acidified with 
dilute hydrochloric acid, the yellow turbid solution saturated with common 
salt and extracted with ether. The ether extract was dried over anhydrous 
sodium sulphate and the solvent removed. The yellow solid residue was 
crystallised from alcohol when it was obtained as yellow plates and prisms 
melting at 230-31°. Yield 0-4g. It gave yellow solutions with concen- 
trated sulphuric acid and aqueous sodium hydroxide; with ferric chloride 
in alcoholic solution it gave a greenish brown colour turning deep brown- 
red with excess (Found: C, 59-5; H, 5-2; CspHoO, requires C, 59-4 and 
H, 4:9%). 


The dihydroxy compound was completely methylated in acetone solu- 
tion by means of dimethyl sulphate and anhydrous potassium carbonate. 
The heptamethyl ether melted at 130-1° and did not depress the melting 
point of an authentic sample of heptamethyl-6: 8-dihydroxy-quercetin.* * 
On demethylating the dihydroxy compound with hydriodic acid in the usual 
manner 6: 8-dihydroxy quercetin was obtained which was identical in all 
respects with an authentic specimen. 
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5: 8-Dihydroxy-3: 7: 3’: 4'-tetramethoxy flavone-6-aldehyde (VII) 


5: 8-Dihydroxy-3 : 7: 3’: 4’-tetramethoxy flavone (3 g.) and hexamine 
(12 g.) were condensed in glacial acetic acid solution (30 c.c.) and the product 
worked up according to the procedure already described. The crude yellow 
solid that was first obtained crystallised from alcohol as clusters of yellow 
long slender rods turning brown at 220° and melting at 270-2° with de- 
composition. The substance gave a deep brown-red colour with ferric 
chloride in alcoholic solution and a deep yellow solution in concentrated 
sulphuric acid. Yield, 1-0 g. (Found: C, 60-1; H, 4:6; Cy 9H,,O, requires 
C, 59-7 and H, 4:5%). 


The compound gave a dinitrophenyl hydrazone readily which when 
crystallised from alcohol melted at 241-2° with decomposition and appeared 
as dark red prisms under the microscope (Found: C, 53-2; H, 3:6; 
CysH.2N,O,. requires C, 53-6 and H, 3-8%). 


5: 6: 8-Trihydroxy-3: 7: 3’: 4'-tetramethoxy flavone (VIII) 


The above aldehyde (1 g.) was suspended in 6c.c. of 2N sodium 
hydroxide and pyridine (10c.c.) was added to bring it into solution. The 
oxidation was carried out with 6% hydrogen peroxide (6c.c.) cooling in 
ice-water and the product worked up as already described. An yellow oil 
was first obtained which quickly solidified on rubbing with a glass rod. It 
was recrystallised from alcohol when it came out as glistening rectangular 
prisms melting at 272-3°. Yield 0-3 g. It was sparingly soluble in alcohol 
and gave a dark red colour with ferric chloride in alcohol solution (Found: 
C, 58-6; H, 4:7; CygHigO, requires C, 58-5 and H, 4:6%). On complete 
methylation and demethylation it yielded the heptamethoxy and hepta- 
hydroxy flavones respectively which were identical in all respects with the 


samples already described. 
SUMMARY 


The two stage process of ortho-oxidation is applied to partial methyl 
ethers of gossypetin in order to introduce a new hydroxyl in the 6 position. 
The pentamethyl ether with a free hydroxyl in the 7- position does not react 
with hexamine. On the other hand, its isomer with a free 5-hydroxyl yields 
a mixture of products, one of which is the 6-aldehyde which could be oxi- 
dised by means of hydrogen peroxide. A more satisfactory procedure is 
to use the tetramethyl ether having the 5 and 8 hydroxyls free. It yields 
only the 6-aldehyde and subsequent oxidation with hydrogen peroxide leads 
to the formation of 5: 6: 8-trihydroxy compound. The products are useful 
partial methyl ethers and yield 6: 8-dihydroxy-quercetin on demethylation 
and its heptamethyl ether on methylation. 
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IN the previous work? it has been observed that when substituents like 
—COOR and —-COR are present in f-position in the resorcinol nucleus, 
further substitution occurs in: some cases in the usually inaccessible 
y-position. This has been attributed to the stabilisation of one of the 
Kekule forms due to chelation between OH and > CO group, which makes 
the y-position more reactive.* In the case of 4-nitroresorcinol Baker 
could not arrive at any definite conclusion as to the existence of chelation 
between OH and NO,. In the Pechmann condensation of 4-nitro resorcinol 
with ethyl acetoacetate in presence of anhydrous aluminium chloride, Parekh 
and Shah® obtained 5-hydroxy-4-methyl-6-nitrocoumarin, the condensation 
occurring in the y-position. This showed the existence of chelation between 
the nitro and the hydroxyl group with the consequent fixation of double 
bonds and activation of the y-position (I). 

In the present work the modified Gattermann reaction of Shah and 
Laiwala! has been applied to 4-nitro resorcinol and the aldehyde obtained 
has been assigned the constitution of 3-nitro-y-resorcylaldehyde (IIL) as it 
was different from 5-nitro-8-resorcylaldehyde (II) (v. infra) obtained by 
Gattermann® on nitrating B-resorcylaldehyde. Moreover the compound 
was easily volatile in steam indicating the presence of a y-aldehyde group. 
This formylation in y-position gives further evidence of the existence of 
chelation in 4-nitroresorcinol between the nitro and the hydroxyl group. 

The compound has been characterised by preparing its semicarbazone 
and 2: 4-dinitrophenylhydrazone. On Knoevenagel reaction with ethyl 
malonate and ethyl acetoacetate it gave ethyl 5-hydroxy-6-nitrocoumarin-3- 
carboxylate (V, R = COOEt) and 5-hydroxy-3-acetyl-6-nitro-coumarin (V, 
R = COCH,) respectively. 

To study the comparative reactivity the Gattermann reaction was also 
applied to 2-nitroresorcinol which was found to be more reactive than its 
4-nitro-isomer and furnished 3-nitro-8-resorcylaldehvde (IV). This finds a 





* Parts I to V have been published in the Journal of the Chemical Society, 1938, 1828; 1939 
132, 300, 949 ; 1940, 245. 
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parallel in the observations of Chakravarti and co-workers’ who observed 
that while 2-nitroresorcinol condenses with ethyl a-methylacetoacetate 
(though not with higher a-alkyl esters), 4-nitroresorcinol fails to condense 
even with ethyl a-methylacetoacetate. 

The present synthesis of 3-nitro-8-resorcylaldehyde (m.p. 77° C.) removes 
the uncertainty of the structure of the nitration product of -resorcyl- 
aldehyde. Gattermann nitrated f-resorcylaldehyde and to the mono-nitro 
product (m.p. 148°-49°C.) he assigned the constitution 5-nitro-8-resorcyl- 
aldehyde without any experimental proof. The other alternative structure 
of the nitration product, namely 3-nitro-8-resorcylaldehyde, is excluded as 
the compound has been now synthesised and shown to be different from th 
Gattermann’s compound. This therefore establishes the constitution of 
the latter as the 5-nitro derivative. 3-Nitro-8-resorcylaldehyde easily gave 
its functional derivatives, viz., semicarbazone and 2: 4-dinitrophenylhydrazone, 
and on Knoevenagel reaction with ethyl malonate and ethyl acetoacetate the 
corresponding 7-hydroxy-8-nitrocoumarins (VI, R = COOEt and COCH; 
respectively) were obtained. 

EXPERIMENTAL 
Gattermann reaction on 4-Nitroresorcinol: 3-Nitro-y-resorcylaldehyde 

To a solution of 4-nitroresorcinol (15 g.) in dry ether (150 c.c.) in a flask 
fitted with a mercury seal and a mechanical stirrer and cooled by a freezing 
mixture, zinc cyanide (25 g.) was added followed by a solution of anhydrous 
aluminium chloride in dry ether. A rapid flow of dry hydrogen chloride 
was then passed for 6 hours through the cooled stirred mixture; zinc cyanide 
gradually disappeared, while an orange-red pasty mass separated. The 
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reaction mixture, protected from moisture, was kept in frigidaire for 12 
hours. Ether was decanted off, the residue washed with ether, and then 
heated with water (200 c.c.) on a steam-bath for half an hour when lemon 
yellow solid separated. It was cooled, the solid collected and crystallised 
from dilute alcohol when 3-nitro-y-resorcylaldehyde separated in prisms 
(4:2 g.) m.p. 131° C. (Found: C, 45-7; H, 2-7; N, 7-6. C,H;O;N requires 
Cc, 45:9; H, 2:7; N, 7:7 per cent.). It is insoluble in hot water, easily 
soluble in hot alcohol and benzene. It is easily volatile in steam. With 
alcoholic ferric chloride it gives brownish red coloration and dissolves in 
alkali to a bright yellow solution. 2: 4-Dinitrophenylhydrazone, tiny prisms 
from acetic acid, m.p. 270°C. (Found: N, 16-2. C,,;H,O,N,; requires N, 
16-5 per cent.). Semicarbazone, slender needles from glacial acetic acid, 
mp. 224° C. (Found: N, 23-3. C,H,sO;N, requires N, 23-3 per cent.). 


Knoevenagel condensation of 3-Nitro-y-resorcylaldehyde with ethyl malonate: 
Ethyl 5-hydroxy-6-nitrocoumarin-3-carboxylate 
To a solution of 3-nitro-y-resorcylaldehyde (1 g.) in pyridine (25 c.c.) 
was added ethyl malonate (1 g.) and then piperidine (0-5 c.c.) and the re- 
action mixture heated on a water-bath for 6 hours. It was cooled, treated 
with hydrochloric acid and the solid separated, washed with water and 
crystallised from rectified spirit when ethy/ 5-hydroxy-6-nitrocoumarin-3- 
carboxylate separated in yellow plates (0-4 g.), m.p. 167° C. (Found: C, 51-7; 
H, 3:3; N, 4:8. C,.H,O,N requires C, 51-7; H, 3-2; N, 5-0 per cent.). 
Knoevenagel condensation of 3-Nitro-y-resorcvlaldehyde with ethyl aceto- 
acetate: 5-Hydroxy-3-acetyl-6-nitrocoumarin 


Ethyl acetoacetate (2g.), 3-nitro-y-resorcylaldehyde (2¢.), pyridine 
(25¢.c.) and piperidine (2 c.c.) were mixed and kept overnight. It was then 
heated on a steam-bath for 12 hours and worked up as before. 5-Hydroxy- 
3-acetyl-6-nitrocoumarin was crystallised from rectified spirit, yellow needles, 
m.p. 176°-77° C. (Found: C, 54:2; H, 3:4; N, 6:0. C,,H,O,N requires 
C, 54:2; H, 3-1; N, 6-2 per cent.). 


Gattermann reaction on 2-Nitroresorcinol: 3-Nitro-B-resorcylaldehyde 


Zinc cyanide (25 g.) was added to a solution of anhydrous 2-nitro- 
resorcinol (15 g.) in dry ether (150 c.c.) cooled by a freezing mixture. A 
solution of anhydrous aluminium chloride (25g.) in dry ether was then 
added and a rapid stream of hydrogen chloride was passed for 4 hours with 
stirring. The reaction mixture was worked up as before and the residue 
heated with water (200 c.c.) on a steam-bath for half an hour. 3-Nitro-B- 
resorcylaldehyde that separated was crystallised from dilute alcohol in thick 
tods (6g.), m.p. 77°C. (Found: C, 45:6; H, 2:9; N, 7:7. C,H;O;N 
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requires C, 45-9; H, 2:7; N, 7-7 per cent.). It is insoluble in hot water 
but readily soluble in alcohol and benzene. It gives an orange-red colour 
in alkaline solution and wine-red with alcoholic ferric chloride. 2: 4-Dinitro- 
phenylhydrazone, needles from acetic acid, m.p. 256°C. (Found: N, 16-4. 
C,;H,O,N, requires N, 16-5 per cent.). Semicarbazone, needles from acetic 
acid, m.p. 228° C. (Found: N, 23-3. C,H,O;N, requires N, 23-3 per cent.). 


Knoevenagel condensation of 3-Nitro-B-resorcylaldehyde with ethyl malonate: 
Ethyl 7-hydroxy-8-nitrocoumarin-3-carboxylate 


A mixture of 3-nitro-8-resorcylaldehyde (1 g.), ethyl malonate (1 g.), 
pyridine (25c.c.) and piperidine (0-5 c.c.) was heated on a steam-bath for 
2 hours and worked up as before. Ethyl 7-hydroxy-8-nitrocoumarin-3- 
carboxylate was crystallised from rectified spirit, needles, m.p. 153°-54° C. 
(Found: C, 51:7; H, 3-3; N, 4:8. C,,sH,O;N requires C, 51-7; H, 3:2; 
N, 5-0 per cent.). 


Knoevenagel condensation of 3-Nitro-B-resorcylaldehyde with ethyl aceto- 
acetate: 7-Hydroxy-3-acetyl-8-nitrocoumarin 

3-Nitro-8-resorcylaldehyde (3g.) in pyridine (25c.c.), ethyl aceto- 
acetate (3 g.) and piperidine (2 c.c.) were mixed and kept overnight. It was 
then heated on a steam-bath for 12 hours and worked up as before. 7- 
Hydroxy-3-acetyl-8-nitrocoumarin that was obtained was crystallised from 
rectified spirit, tiny orange-red needles, m.p. 164° C. (Found: C, 54-0; H, 
3-4; N, 6-1. C,,H,O,N requires C, 54-2; H, 3-1; N, 6-2 per cent.). 

SUMMARY 

Parekh and Shah® carried out the Pechmann condensation of 4-nitro- 
resorcinol and obtained 5-hydroxy-6-nitrocoumarin derivative. The con- 
densation occurred in the y-position thus showing the existence of chelation 
in 4-nitroresorcinol. In the present case, Gattermann reaction has been 
carried out on 4-nitroresorcinol, when 3-nitro-y-resorcylaldehyde was 
obtained thus giving further support to the previous observation. 2-Nitro- 
resorcinol similarly gave 3-nitro-8-resorcylaldehyde. Both the aldehydes 


on Knoevenagel reaction gave the respective 5- and 7-hydroxycoumarin 
derivatives. 
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INTRODUCTION 


IN a series of papers! * *}4 5% 7 Ramdas and Mallik have discussed the 
effect of various carbonates on (1) the swelling, (2) the permeability and (3) the 
crack-formation, etc., of the black cotton soil of Poona and have shown that 
sodium carbonate solutions of low concentrations cause a pronounced 
swelling in the soil rendering it impermeable to water. In a recent communi- 
cation’ they have also shown that the soil thus treated is impermeable to 
water while a solution of sodium chloride can easily pass through it. 


In a recent note® the author has shown that the permeability restored 
by sodium chloride is only temporary and the soil becomes impervious 
again if the sodium chloride is replaced by water. The explanation sug- 
gested was that the sodium carbonate solution endows the soil particles 
with a kind of semi-permeability resulting in swelling. In the presence of 
a high concentration of sodium chloride the water is drawn out from the 
particles causing them to shrink so that the pore space clogged by the 
swelling in sodium carbonate solution opens up again thus improving the 
permeability. The sodium carbonate, however, remains in the soil particles 
and, as soon as the salt solution is replaced by water, the soil particles swell 
up again and the soil becomes impermeable to water. It was thought 
desirable to try the effect of a number of chlorides with a view to remove the 
sodium carbonate from the soil. The present paper deals with the effect 
of a large number of chlorides on the swelling, permeability, etc., of the black 
cotton soil treated with sodium carbonate and throws some light on the 
mechanism of the swelling and shrinking of the soil in various salt solutions. 


2. PERCOLATION OF CHLORIDES THROUGH THE BLACK COTTON SOIL 
OF POONA RENDERED IMPERVIOUS BY PREVIOUS TREATMENT 
WITH SODIUM CARBONATE 


In this experiment the percolation of water, and 5% solutions of 
(1) lithium, (2) sodium, (3) potassium, (4) ammonium, (5) calcium, 
(6) strontium, (7) barium and (8) magnesium chlorides was studied. 
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Three centimetre layers of air-dry black cotton soil passed through a 
0-4 millimetre sieve were packed in separate glass tubes of uniform inner 
diameter closed at the lower end by stretching muslin cloth across them. 
Uniform packing was secured by lightly tapping the tubes till no further 
change in the height of the soil column was noticed. The tubes were held 
vertical in retort stands and 30 c.c. of 1-5% sodium carbonate solution 
was added above the soil column in each of the tubes. After 5 hours when 
the soil had become impervious and had swelled up from 3 to 5 centimetres, 
the sodium carbonate solution above the soil in each tube was carefully 
removed and replaced by 50 c.c. of the 5% solutions of the chlorides men- 
tioned above, each solution being put in a separate tube. The solution 
which percolated through the soil columns were collected in separate bottles. 
The volume of the liquids collected in every interval of 24 hours was 
measured. The solution which percolated during the previous interval is 
made up by introducing fresh solution from above. The liquids collected 
in the bottles were tested for sodium and carbonate radicals. Table I gives 


TABLE I. Percolation in c.c. through 5 centimetre columns of Poona soil 
previously treated with Sodium Carbonate 








Time Percolation of 1-5% sodium carbonate solution in c.c. 

Hrs. | | | | | | 

1 | 2 2 | 2 2 2 | @ 2 | 9 | 2 

2 25 | 25 | 25 | 25 25 | 2.5 2:5 | 25 | 25 

3 2-8 | 2-8 2-8 2-8 2.8 2-8 2-8 2:8 | 28 
2-8 2-8 2-8 2-8 2-8 2-8 2-8 2-8 | 28 
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Days | 
1 0 | 2 3 3 8 3 0 0 0 
2 0 | 12 14 15 38 33 8 6 6 
3 0 | 2 26 26 68 60 38 46 36 
+ o | 32 37 56 98 90 68 86 66 
5 eo | @ 57 86 128 120 103 126 96 
6 0 
7 0 
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9 0 
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the total volumes of the solutions passed through the soil layers from the 
beginning of the experiment till the end of the period mentioned in the first 
column. 


It can be seen from Table I that the soil column, while impervious to 
water and sodium carbonate solutions is permeable to all the chlorides though 
the permeability is different for different chlorides. 


3. PERCOLATION OF WATER THROUGH THE SOIL LAYERS TREATED 
BY THE VARIOUS CHLORIDES AS IN THE EXPERIMENT ABOVE 


The soil was first packed and treated with sodium carbonate solution 
as described in the above experiment. 100c.c. of the various chloride 
solutions were then introduced above the soil layer in each tube—a sepa- 
rate tube being used for each chloride solution—and allowed to pass com- 
pletely through the soil layers. 50c.c. of water were then added above 
the soil layer in each tube and the volume of water percolated in one day 
was measured. The water passed through was made up by introducing 
fresh water and the percolation on the next day was measured again. The 
experiment was continued for about a month. Table II shows the total 
volume of water which has passed through the soil layer from the beginning 
of the experiment to the end of the day mentioned in column lI. 


TABLE II 





Percolation of water in c.c.. through the soil columns treated with sodium 
carbonate and then with 





























Time = Rm 2) Mei Deees See “e rade SRC \5%6s) 
5% LiCl |5% NaCl} 5% KCl | 5%NH,Cl] 5%CaClg| 5% SrCig | 5%BaCle |5% MgCl, 
Soin. Soln. | Soln. Soln. Soln. Soln. Soln, Soln. 
{ 
Days | | | | 

1 hes 2 i | ¥s 20 | 2 | 36 20 
2 | 3 3 | 9 | 32 | 40 2 | 2 42 
3 | 3-5 3-5 | U 17 | 60 | 62 | 102 61 
4 4:0 4-2 | 13-5 22 | 100 | 107 | #162 | 84 
5 4-3 | 465 14-5 23 | 18 | 193 | 192 | 108 
6 4-6 4°8 15-5 24 136 | 144 222 | 126 
7 4-9 5-1 16-2 25 154 | 165 250 | 150 
8 5-2 5+3 17-0 26 172 | 189 280 185 
9 5-6 5-4 17-8 27 | 180 | 195 310 =| 198 
10 5-8 6-8 18-6 28-5 210 | 230 360 | 232 
12 6-1 6-1 19-5 29-5 | 235 | 360° 410 | 261 
14 6-5 6-6 20-6 30-5 255 | 290 460 | 290 
16 6:8 6-7 21-4 31-3 275 | 320 510 | 325 
18 73 7-2 | 22-0 323 295 350 560 | 350 
20 78 7-9 24°5 34-0 | 355 | 410 660 450 
25 7-9 8-0 26-5 36-0 | 415 480 150 470 

30 8-2 8-2 28-5 








38-0 | 475 | 540 850 | 580 
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From the above results it can be seen that: 


(1) All chlorides can easily pass through the soil layers. The rate 
of percolation, however, increases with the increase in the atomic weight 
of the positive radical in each group, viz., (1). Li< Na < K < NH, and 
(2) Ca < Sr < Ba, (3) Mg. This order can be seen to be exactly the reverse 
of that for the swelling of the soil in the corresponding carbonates of group 
(1), the magnitude of swelling being given by NH, < K < Na < Li. 


(2) It can also be seen that the chlorides of the group (1), whose corres- 
ponding carbonates are soluble in water, render the soil temporarily per- 
meable while the second group and MgCl, whose corresponding carbonates 
are insoluble in water restore the permeability permanently. 


(3) Chemical examination of the percolates showed no presence of 
CO, or Na in group | (except in the case of sodium chloride) while in 
the latter group a large quantity of sodium was found. This must be due 
to the fact that the sodium carbonate in intimate contact with the soil 
particles can react with the chlorides to form insoluble carbonates which 
remain in the soil and the sodium in the soil comes down as sodium chloride. 
The removal of the sodium from the soil seems to be the real cause of the 
permanent restoration of the permeability. 


4. SHRINKING OF POONA SOIL TREATED PREVIOUSLY WITH SODIUM 
CARBONATE IN SOLUTIONS OF CHLORIDES 


The restoring of the permeability by the chlorides is accompanied by a 
contraction in the volume of the soil. A slightly modified experiment was 
performed to measure the shrinking of the soil in the chloride solutions. 
Air-dry soil used in this experiment was mixed with a large quantity of 1-5% 
sodium carbonate (solution) and allowed to swell completely for several 
hours. The swollen soil was mixed with some water to form a thin paste 
and equal quantities of this solution was poured into separate glass tubes 
closed at one end by muslin and held vertical in retort stands. 50c.c. of 
water was poured on the top of the soil layer in each tube and the tubes were 
then left undisturbed for three days after which no further change in the 
volume of the soil sediment at the bottom could be observed. The thickness 
of the soil column in each tube was 25 centimetres. The water remaining 
over the soil layers was then replaced by 50c.c. of 20% solutions of the 
various chlorides using a separate chloride in each tube. The lower ends 
of the tubes were aiso just kept dipped in the corresponding chloride solu- 
tion to hasten the effect of the chloride by bringing more surface of the soil 
in contact with it, 
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It was found that after a few days all the chlorides had passed through 
the soil and the resulting contraction in each case is given in Table III below. 





TABLE III 
Chloride solution | Shrinking in 
passed through | the soi] in cm. 
' 
LiCl 3-5 
Nacl ~ 
KCl 4 
N H,Cl a 
CaCl, 4 
BaClg 5 
SrCl, +“ 4 
MgCl, a 4 








It can be seen that the soil can shrink by about 20% of its volume. 


5. SWELLING OF POONA SOIL IN SODIUM CARBONATE SOLUTIONS OF 
VARIOUS CONCENTRATIONS IN WHICH THE CHLORIDES ARE PRESENT 


12 Measuring jars @,....d,,, each containing 100 c.c. of sodium carbonate 
solution were used in this experiment. The concentration of the sodium 
carbonate increased from a, towards a,.. 20 grams of air-dry soil was then 
introduced in each of the solutions. After shaking well to secure thorough 
mixing of the soil in the solution, the jars were left undisturbed for a few 
days until no further change in the volume of the sediment in each of the 
jars was noticeable. The volume of the sediment and the colour of the super- 
natant liquid were then recorded as shown in Table IV. 


TABLE IV. Sediment volumes of black cotton soil in solutions of sodium 
carbonate in which 5 grams of the chlorides are dissolved 
































§ 5 a Without chloride} 5 grams of LiCl | 5 grams of NaCl} 5 grams of KCl |5 grams ot NH,Cl 
53 S = mt » ~ oe =) 
Ses sls o Ey ao So ee 
gfe of e Colour of £8 Colour of |@ ¢| Colourof |@ &/ Colour of | lige Colour of 
Ss. § |85 supernatant |.= 5| supernatant & =| supernatant!.€ 5| supernatant; ‘= 3} supernatant 
YS [83] liquid [3 9) liquid =| liquid 3 S| liquid [9 $8} liquid 
c.c. | C.c. | Cc. C.| C.c. | C.c. | 
0 36 | —— 33 | colourless | 33 colourless | 33 | colourless | 30 | colourless 
0-2 | 46 | 33; do |33| do 33| do |30, do 
0-5 | 60 | are. sain 33 | do 33 | do 33 do | 30 do 
1.0 | 74 | yellow 33 | do | 33 do 33 do | 30 do 
1-5 | 80 | deep yellow] 33 | faint yellow | 33 | faint yellow, 33 | faint yellow, 30 | faint yellow 
2-0 | 56 | brownish 33 deep yellow | 33 | deep yellow 33 deep yellow| 30 | deep yellow 
3-0 | 40 | deep brown | 33 | do | 33 | do | 33 | do 30 | do 
5-0 | 34 | reddish 33 | brownish | 33 | brownish | 33 | brownish | 30 | brownish 
10-0 | 30 | red 33 | deep brown | 33 | deep brown! 33 | deep brown! = deep brown 
15-0 | 30 | black 32 | red 33 | red | 33 | red | 30 | red 
20-0 | 30) do 30 | red 30 | deep red | 30| deep red | 28 deep red 
25-0 | 30 | do 30 | black 30 | black 30 | black 28 | black 
Saturated] 30 do 30 do 30 do 30 do | 30 do 
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The same experiment was repeated by dissolving 10 grams of sodium 
chloride, lithium chloride, potassium chloride and ammonium chloride 
respectively in the sodium carbonate solution in each of the jars a, as... . dy» 
before the soil was introduced in it. 


Table [V shows the sediment volumes and the colour of the supernatant 
liquids noticed in sodium carbonate solutions in the presence and absence 
of the various chlorides. From Table IV it is clear that there is no change 
in the sediment volume with increase in concentration of the sodium carbo- 
nate solution if a chloride is also present, showing that the sodium carbonate 
cannot act as a swelling agent in the presence of a chloride. Further, it 
can also be seen that the volume of the sediments in each jar decreases 
slowly as we go from lithium chloride towards ammonium chloride. 


Chemical action of the sodium carbonate solutions upon the colloidal 
humus of the soil however is affected by the chlorides present. It may be 
noted that the colour of the supernatant liquid may be taken as a measure 
of the degree of the chemical action of sodium carbonate upon the colloidal 
humus of the soil, the colour of the supernatant liquid changing from colour- 
less yellow— brown-> red-> jet black, with the increase in the chemical 
action of sodium carbonate. It can be seen from Table IV that the colours 
of the supernatant liquids are altered by the presence of the various chlorides 
as shown by a shift in the colour sequence towards the high concentration 
side. It is thus evident from this experiment that the swelling and shrinking 
of the soil in the presence and absence of a chloride, in sodium carbonate 
solutions of low concentrations is essentially a physical process and has 
nothing to do with the chemical action of the sodium carbonate on the col- 
loidal humus which takes place at high concentrations. 


6. WATER-HOLDING CAPACITY OF THE SOIL PARTICLES TREATED 
WITH SODIUM CARBONATE, IN THE PRESENCE AND ABSENCE 
OF CHLORIDES 


In order to get a better picture of the mechanism of swelling, the follow- 


ing experiment was performed. 30c.c. of 1-5% sodium carbonate solu- 


tion was taken in five separate petri dishes D,, D,....D; and 5 grams of 
lithium chloride, sodium chloride, potassium chloride and ammonium 
chloride were dissolved in the carbonate solution in D,, D3, D4, D; respec- 
tively. 50 grams of air-dry soil was mixed with the solutions in each dish 
to form.a paste and the paste in each dish was left undisturbed for a few 
hours. The dishes were covered with glass plates to prevent evaporation 
of water from the pastes. It was found that after a few hours the soil in 
the dish D, in which no chloride was present had completely absorbed the 
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solution to swell up and no free solution could be found outside the soil 
particles as indicated by the dry appearance of the surface. In the other 
four dishes, however, water could be seen standing above the surface of the 
soil which had settled to the bottom of the dish. 

Further, a thin layer of sodium chloride was spread over the swollen 
soil in the dish | which was again kept for a day undisturbed. The sodium 
chloride was able to drag some water out of the soil particles, which was 
clearly visible on the surface of the soil. 


The above experiment lends great support to the fact that sodium 
carbonate endows the soil particles with a kind of semi-permeability by which 
the water is driven inside the particles causing them to swell up, while a high 
concentration of the chloride drags the water outside making the soil 
particles shrink again. 


7. CRACK FORMATION IN THE BLACK COTTON SOIL OF POONA 
TREATED WITH SODIUM CARBONATE AND CHLORIDE SOLUTIONS 


The effect of crack formation in the black cotton soil treated with 
sodium carbonate solutions of increasing concentrations has been studied 
by Ramdas and Mallik. The formation of cracks which depends on the 
swelling and shrinking of the soil when wetted and then dried would naturally 
be expected to be affected by the presence of chlorides which have been 
shown by earlier experiments to have a great influence on the swelling of 
the soil particles in sodium carbonate solutions. The following experiment 
was performed to note the influence of the chlorides on the cracks. 


A number of petri dishes were filled with 30c.c. of sodium carbonate 
solutions of increasing concentrations and 50 grams of the Poona soil was 
mixed with the solution in each of them to form a paste. These pastes were 
then allowed to dry in open air. After a few days when the soil was per- 
fectly dry, cracks were formed which depended upon the concentration of 
the sodium carbonate solution used. 


The same experiment was repeated by dissolving 5 grams of lithium 
chloride, sodium chloride, potassium chloride’ and ammonium chloride 
respectively in the carbonate solution contained in each dish before it was 
mixed up with the soil and the crack formation in the presence of the various 
chlorides studied. 

It was found that in the absence of any chlorides the crack formation 
was in complete agreement with the results of Ramdas and Mallik, viz., the 
cracks increased up to 3% concentration of sodium carbonate and further 
decreased again, the soil in the saturated sodium carbonate solution drying 
to a powdered mass, 
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Plate VI shows the photograph of the cracks in the sodium carbonate 
solutions. 


However, in the presence of chlorides no cracks were formed in any 
dish and the pastes in every dish dried to a powdery mass. 


The absence of cracks at least in the lower concentrations of the sodium 
carbonate solution cannot evidently be due to the colloidal humus __ being 
destroyed by the sodium carbonate as it can be seen from Table III that no 
chemical action can take place at these concentrations. The absence of 
cracks in the soil containing chlorides can be understood if we note that 
cracks are formed by the strains which are set up during the uneven con- 
traction of the soil paste when it is drying. In the presence of the chlorides 
there is neither the swelling of the soil when it is wet nor the contraction on 
drying so that cracks do not form. Plate VII shows the dried pastes in which 
no cracks are formed because of the presence of sodium chloride. 


8. Microscopic STUDIES OF THE EFFECT OF CHLORIDES ON THE 
SWELLING OF SOIL PARTICLES IN SALT SOLUTIONS 


Ramdas and Mallik have studied the swelling of the soil particles in 
various carbonate solutions under a microscope and have shown that very 
small individual particles swell in the carbonate solutions and the total 
swelling observed by the soil in bulk is a result of the swelling of individual 
particles of very small size. It therefore seemed natural that the results of 
the experiments in which soil is studied in bulk may also be due to the effect 
on the individual particles. A detailed study of the effect of the various 
chlorides on the individual particles under the microscope was made with 
soil particles passed through a piece of muslin. To study the comparative 
swelling and shrinking, a single particle was selected and treated with the 
solutions. 


Light from a small point source was focussed from above by a suitable 
condenser on the spot to be examined. The beam of light was incident at 
an angle of 85° to the vertica! so that the illuminated particles could be seen 
against a dark background. 


A drop of the required solution was introduced on the particle at the 
illuminated spot and the microscope objective swung into position for 
examining the effect of the medium on the appearance of the particle. A 
magnification of about 70 was used for taking the microphotographs with 
the help of a photographic attachment. The latter was also provided with a 
reflex arrangement and an eyepiece at the side so that even while photograph- 
ing the slide could be under observation. The first picture (a) in Plate VII 
(Fig. 1) shows a particle in air, The same particle in a drop of water is shown 
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in (b) which shows a very slight swelling. A drop of a saturated solution 
of lithium carbonate and sodium chloride was then put over the particle 
and (c) shows its appearance in the microscope. It can be seen that Li,CO; 
solution which has a great swelling effect as shown by Ramdas and Mallik 
has no influence on the swelling of the soil particle in the presence of the 
sodium chloride. The drop of Li,CO,;+ NaCl was removed carefully by 
means of a blotting paper and the soil particle washed several times with 
water by putting a drop of water over it and removing the water drop by 
the blotting paper. Thus after most of the chloride was removed a con- 
centrated drop of lithium carbonate was placed over the particle which 
immediately started swelling. The 4th picture (d) shows the particle one 
minute after the swelling started. It is thus clear that the swelling is 
completely suppressed by the chloride present. 


The same effect was noticed by repeating the above experiment with 
lithium chloride, potassium chloride and ammonium chloride. 


9. MECHANISM OF THE SWELLING OF THE BLACK COTTON SOIL IN 
VARIOUS SALT SOLUTIONS 


All the above experiments clearly support the view that the carbonate 
solutions form a sort of semi-permeable membrane round each soil particle 
and the swelling or shrinking of each particle clearly depends upon the 
concentration outside or inside the particle and is a process of osmosis. In 
the case of only water outside, the water is driven inside the soil particle 
making it swell while a strong solution of a chloride outside the particle 
drags the water outside the particles causing them to shrink. 


10. OTHER EXPERIMENTAL EVIDENCES 


The swelling of the soil particles bears a very close analogy to the 
swelling of gelatin in water. Gelatin swells in water and becomes imper- 
meable to water but a chloride can pass through it easily. Krishnamurthy! 
has shown that the shrinking of gelatin gel when it is kept in a desiccator is 
accompanied by a great decrease in the light scattered by the gel, suggesting 
that the total shrinking is due to the shrinking of the individual particles of 
colloidal size. 


The author has examined the phenomenon of the swelling of gelatin 
in water by the more elaborate technique of R. S. Krishnan and has 
shown that the swelling of gelatin is the result of swelling of the individual 
particles of colloidal size. 


Positive heat of wetting is another important evidence for the swelling 
up of the individual particles. From the comparison of the swelling of 
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gelatin with that of the soil it seems that the aggregate swelling and shrink- 
ing of the soil in various salts is the result of the swelling and shrinking of 
the individual particles of colloidal size which are much smaller than the 
ones used for our microscopic studies. 


11. Some APPLICATIONS OF THE ABOVE FINDINGS 


The results of the experiments above have been used to rectify the 
natural alkaline “ Bari” soil of Punjab which is known to contain large 
quantities of sodium sulphate and sodium carbonate. The permeability 
of the above soil to water and chloride solutions is discussed below. Hollow 
glass tubes of uniform inner diameter closed at one end by muslin were 
packed with 25 centimetre columns of the “ Bari” soil. They were held 
vertical in retort stands and 50 c.c. of water and 5% solutions of the various 
chlorides were introduced on the top of the soil in separate tubes. The 
liquids passing through the soil layers in different tubes were collected in 
bottles. The volumes of the liquids passing through in every interval of 
24 hours were measured and the liquids tested for sodium carbonate and 
sodium sulphate as in the earlier experiment. Table V shows that the soil 


e 


TABLE V. Percolation of water and 5% chloride solutions through 25 cm. 
layers of the “ Bari” soil in c.c. 














| | | | 
ae Pe. Licl | NaCl | KCl | NH,C1; CaCl, ! SrCl BaCl, | MgCl. 
— | oe | oe | | Soln. | Soln. | Soln. | Soin. | Sets.’ | Seta.” 
| ' 1 

Days 
1 0 5 5 5 10 10 10 10 10 
2 0 20 22 22 32 32 30 30 | 30 
3 0-2 » 35 39 39 49 49 48 49 | 49 
4 0:3 59 54 56 72 74 74 75 15 
5 0-4 66 72 75 96 110 110 115 115 
6 0-5 88 91 97 120 140 145 | 150 148 
7 0-6 101 115 122 150 170 175 185 185 
8 0-7 121 13s 148 175 200 205 250 270 
9 0-8 141 161 173 200 230 235 240 245 
10 0-9 161 184 200 230 260 268 272 282 
12 1-0 201 227 247 290 320 328 333. = 340 
14 1-1 240 210 293 350 380 385 391 | 400 
16 1-2 280 393 340 400 445 450 461 | 470 
18 1-3 320 343 380 460 505 505 522 | 530 
20 1-4 355 36 425 520 570 585 600 630 
25 1-5 445 496 540 _ 670 720 735 740 | 740 
30 1-6 | $90 


535 590 655 820 | 875 890 895 





is impervious to water but chlorides can easily pass through it. The liquids 
which had passed through showed the presence of large quantities of sul- 
phates; the carbonates, however, were not found in observable quantities 
in any case. 
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The permeability of the “ Bari” soil treated with the above chlorides 
was further studied. For this experiment the tubes were packed and held 
in retort stands as usual. 100 c.c. of the 5% chlorides were passed through 
the soil in the tubes. A separate tube was used for each chloride. 50 c.c. 
of water were then introduced on the top of the soil layer in each tube and 
the volume of water passing through in one day from the different soil layers 
was measured as usual. Table VI shows the total water passed through the 
soil layers from the beginning of the experiment to the end of the day men- 
tioned in the first column. 


TABLE VI 





| Percolation of water through 25 centimetre layer of the ‘‘ Bari”? soil treated with 














— | seztici |sewacil 8% Kei! 9% . |s%caci,| 5%src 1 4B ci,| 5% 
Water | 57oLiCl arg 5% KCl | NH,c! PP” “ie . : “baie : ms 2] MgCl, 
| Soin. Soln. Soln. Sein Soln, | Soln. | oln. Soln. 
| | | | 

Days | 
I 0-1 10 10 1 | 12 30 3 | 3 | 30 
2 0-2 | 15 15 1 | 17 60 60 | 7 | 60 
3 0-3 | 17 16 is | 2 9 | 90 105 | 90 
4 0-4 | 18 17 20 | 37 120 | 122 | 137 | 120 
5 0-5 19 | 18-5 | 22 21 150 | 152 | 172 | 1650 
6 | 0-6 | 19-5 | 190 | 23 | 35 | 180 | 184 | 207 |— 180 
7 | 0-7 | 19-7 | 19-2 | 24 | 39 | 210 | 216 | 242 | 210 
3 | O-8 | 19-9 | 19-4 25 43 | 240 | 250 | 277 | 240 
9 0-9 | 20-1 | 19-6 2% | 47 | 270 280 |. 309 | 270 
10 1-0 | 20-3 | 19-8 27 51 300 315 | 344 | 300 
12 1-2 20-5 20-0 28 57 360 375 | 414 | 3650 
4 1-4 20-7 | 20-2 32 | 63 | 420 435 | 484 | 400 
16 16 | 20-9 | 20-4 | 34 69 470 | 480 | 554 | 450 
18 1-8 | 21-1 | 20-8 36 75 520 530 | 614 | 500 
20 2-0 | 21-3 | 21-3 | 37 | 80 640 650 | 754 620 
5 2-5 | 21-8 | 21-5 | 41 95 700 710 | 827 | 680 
30 3-0 | 22-3 | 22-2 45 110 760 770 | 900 740 





The results show clearly that as in the case of the black cotton soil 
mixed with sodium carbonate, only those chlorides whose corresponding 
carbonates are insoluble in water can restore the permeability permanently 
while the chlorides of lithium, sodium, potassium and ammonium cannot 
render it permeable to water though they can themselves pass through it 
easily. 
SUMMARY 

1. The effect of a number of chlorides on the black cotton soil particles 
treated previously with a weak solution of sodium carbonate has been 
studied. The results show that (i) all the chlorides can easily pass through 
a layer of the Poona soil previously rendered impermeable by sodium 
carbonate. However, lithium, sodium, potassium and ammonium chlorides 
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cannot restore the permeability permanently, the soil becoming impermeable 
again if the above chlorides are replaced by water while calcium, strontium, 
barium and magnesium chlorides have been found to restore the permeability 
permanently. 


2. The effect of lithium, sodium, potassium and ammonium chlorides 
on the sediment volume, crack formation, etc., of the soil treated with sodium 
carbonate solutions of different concentrations seem to suggest that sodium 
carbonate cannot act as a swelling agent in the presence of any of the above 
chlorides present. 


3. The effect of the lithium, sodium, potassium and ammonium chlo- 
rides on the swelling of the individual soil particles has been studied with 
a high power microscope. The results indicate that the swelling and shrink- 
ing of the soil in the various salts is due to the swelling and shrinking of the 
individual particles of very small dimensions. 


4. An application of the above findings in rectifying the alkali “‘ Bari” 
soil of the Punjab has also been made. 
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STUDIES”: 55. 12, 33, 28, 29,15 ynder a wide range of conditions inter alia of 
excited chlorine and bromine showed a negative Joshi-effect — Ai of 90 to 
100 per cent., reversible and practically instantaneous, current diminution 
on irradiation of discharge tubes with frequencies (e.g., the visible region of 
the spectrum) too small for a direct photo-ionisation of the gas. Extension 
of this work to iodine appeared necessary for investigating the generality 
of this remarkable influence of light. These results also bear intimately on 
current theories of changes under electrical discharge, since they do not 
envisage a decrease of the electrical conductivity i as a possible major effect 
of light. Early during this work*?(), (@), (¢) (commenced over six years ago and 
held up repeatedly due to want of accessories and war conditions), it was 
noticed that compared with the above gases, the behaviour under discharge of 
the iodine vapour in dark as well as in light, is more complex due to secondary 
reactions (e.g., ‘ aging’, vide infra). Their association with the main effect 
—Aji appeared, however, to be close and significant for its general mecha- 
nism. From these results confirmed repeatedly with a number of discharge 
tubes operated under various conditions, only a representative group is now 
reported, as illustrate the role of some of the chief determinants of this 
phenomenon. Use of thermionic tubes as current indicators and introduc- 
tion in the ionisation space of certain impurities as catalysts, e.g., trace of 
chlorine and some organic vapours affected markedly both the magnitude 
of — Ai and the range of its occurrence. These findings, embodying much 
suggestive facts appeared, however, to denote special conditions as to detec- 
tion and excitation; and have therefore, been reserved for a later communica- 
tion. The observation of a large and potential reversible positive Joshi- 
effect, i.e., a photo-increase of the conductivity + Aji in excited iodine is 
an outstanding feature of the present work. 


EXPERIMENTAL 


The apparatus used and the general experimental procedure were essen- 
tially similar to those adopted in the study of the production of the Joshi- 
effect Ai in bromine and other gases and vapours.'® 5 This effect was 
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studied in a series of Siemens’ type glass ozonisers. Data obtained with 
only four A, B, C and D are given in the present paper. The ozonisers were 
filled with iodine vapour and were fitted co-axially either by a fused joint 
(A and B) or by a ground connection (C and D). They were excited by 
transformer discharges due to potentials of 50 and 500 cycles (supply) fre- 
quencies as required, obtained from rotary convertors which were worked 
off 220 volt D.C. mains. The exciting potential V, expressed in kilo-volts 
(r.m.s.) kV, was calculated from a knowledge of the primary V and the step 
up ratio of the transformer. This potential was maintained constant and 
changed to a desired value by hand regulation of a variable resistance intro- 
duced in the primary of the transformer. By proper manipulation of the 
sliding shutter the ozoniser was kept in dark or irradiated by an external 
light source. This last consisted of two 220 volt, 200 watt incandescent 
(glass) bulbs kept at a fixed distance, viz., 25cm. from the ozoniser. The 
discharge current in dark i,, and when the system was irradiated i,, was 
measured with a suitable current indicator (vide infra) introduced in the low 
tension line of the ozoniser circuit. The source of irradiation was switched 
on prior to the measurement of i, and i,. To minimise the effect due to 
‘aging °’*- %, %, 13 (j.e., a time variation of the discharge current i at a constant 
applied V), the time for measuring i, and i, in any series of V — i observations 
was restricted to 30 seconds. 

100 Ai 


The net Joshi-effect i, — i,, = Aiand its relative value — j = Y Ai 
D 


at various applied potentials and temperatures are shown in Tables I-IV. 


The annular space of the ozoniser A was connected serially through a 
capillary to a glass bulb containing pure solid iodine. The entire system was 
evacuated on the Tépler and the ozoniser was sealed off when it was found 
to maintain a satisfactory vacuum. Earlier results** 1.5 for the Joshi- 
effect in the case of chlorine and other gases and vapours have shown that 
the magnitude of the effect Ai is affected adversely by heating the system. 
The ozoniser was therefore maintained at 30° C. by enclosing it in a wide 
glass jacket through which water was circulated at a slow but constant rate. 
The iodine bulb a/one was immersed completely in a sulphuric acid bath 
and was heated to a desired temperature. This last was varied in the range 
40° to 60°C. The discharge current in dark (i,,), and that under irradiation 
—the photo-current (i,), were measured by an oxide rectifier-type Cambridge 
A.C. microammeter with a range of 0 to 100 microamps and an accuracy 
of 0-5 micro-amp. Results for the effect Ai were obtained by exciting iodine 
vapour at a series of applied potentials of 50 and 500 cycles frequency. 
Of these groups of results only one typical set is shown in Table I. 














Frequency of the A. C. supply 
Current Indicator 
(Ozoniser A at about 25° C. ; the attached iodine bulb alone was heated 


TABLE I 


= 50 cycles/sec. 
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Potential Variation of the Joshi-Effect in Iodine Vapour 


= Oxide Rectifier type A.C. Microammeter. 







































































= 50 cycles/sec. 


Hysteresis and Production of the Joshi-Effect in Iodine Vapour 


Frequency of the A. C. supply 
Current Indicator 


Temp. I, e or | on 

<n of 40° C, 50° C. 60° C. 

NV ai ar hi | ip | & | ae |%asl tw | & | at Mas 

o | | | | Gs 

21 17-0 | 16-0 |-1-0 |—5 19-5 119-5! . -- | 22-61 22-5| .. ‘ 
2-4 26-0 | 25-5 |-0-5 |—2 32-5 | 31-0 \—1-5 |--4-7 | 41-0] 41-0 | .. Me 
2°7 33-0 | 32-0 |—1-0 |-3 41-0 | 39-5 Be —3+7 | 52-5 | 52-5 |—-2-0 |-348 
2-9 41-5 | 40-5 |—1-0 |—2 50-0 | 48-5 j—1-5 |-3 |! 

3+4 50°5 | 49-5 |-1+0 |-2 | 60-0 | 58-5 |—1+5 |-2+5 | 72-5 | 70+5 |—2+0 |-2+7 
3-7 69-5 | 68-5 |-1-0 |—1-4 | 81-5 | 79-5 |—2-5 } 2-4 93-5 | 91-0 |—2-5 |—26 
4-2 79-0 | 78-0 |—1-0 |—1-2 | | 

4:8 90-5 | 89-5 |—1-0 |—1+1 | 

Frequency of the A. C. supply = 500 cycles/sec. 

0-27 25-5 | 25-0 |-0-5 |—-1-9 | 32-5 | 32-5] .. | .. 

0-30 34-0 | 33-5 |-0-5 |—1-5 | 38-0 | 37-0 |—-1-0 |—2-6 46-0 | 46-0| «. ae 
0°33 37-0 | 36-5 |—0-5 |—1e4 | 46-5 | 45-0 |—1-0 —2+1 | 58-5 | 57-0 |—1-5 !—25 
0-36 465 | 46-0 |—0-5 —1+1 | 59-0 | 58-0 |—1-0 |—1-6 | 80-0 | 79-0 —1-0 —1-2 
0-42 57°5 | 57-0 |—0-5 |—0-8 | 68-5 | 68-0) |—0-5 0-7 | 88-5 | 87-5 —1-0 —1+1 
0-46 79-0/79-0| .. | .. | 91-0 90-5 |—0-5 — 

| | | 
TABLE I (a) 


= Oxide Rectifier type A. C. Microammeter. 


(Ozoniser A at about 25° C.; the attached iodine bulb alone was heated) 


















































Temp. I, ° ° ° 
balb 30° C. | 60° C 80° C, 
| | | 
AV ip | tt | Ai | %Oil tm | & | At [KAA | ip | ty | Ai | %Ai 
| | 
| | | | | | 
26 | 25:3 24-0 |-1-0 |—4-0 | 43-5 | 42-0 |—1-5 |-3-4 | 48-5 | 47-0 |-1-5 |—3.3 
2-9 | 38-0 | 37-0 |—1-0 |—2+7 | 54-0 | 52-5 |—-1-5 |—2-8 | 65-5 | 63-5 |—-2-0 |—3-1 
3-4 | 48-0 | 47-0 |—1+0 |—2-0 | 69-0 | 67-5 |—-1-5 |—2+1 | 75-5 | 73-5 |—2-0 |-2 6 
492 | 66-0 | 65-0 |—1-0 |--1-5 | 89-0 | 87-5 |-1-5 |-1-6 | 91-0 | 89-0 |—2-0 |—2+1 
3+4 | 49-0 | 48-0 |—1-0 |—2-0 | 71-0 | 69-5 |-1-5 |—2-0 | 77-5 | 76-0 |—1+5 |—1-9 
2-9 | 38-5 | 37-5 |—1-0 |—2-6 | 55-5 | 54-0 |—1-5 |—2-6 | 67-5 | 65-5 |—2-0 |—2-9 
2-6 | 27-5 | 26-5 |—-1+0 ae 44-0 | 43-0 0 \—2+2 | 49-5 | 48-0 |—1+5 |—3-0 
| } | | 











A series of experiments on 


the production of the effect Ai in iodine 
vapour was next made in the ozoniser B. The ozoniser and the attached 
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iodine bulb were now maintained at the same temperature by enclosing the 
entire system in an asbestos chamber heated electrically. The temperature 
of the system was varied from 30° to 90°C. The discharge current i was 
measured with a vacuo-junction, a Westector type half wave rectifier and 
also a double wave rectifier, each connected to a mirror glavanometer on 
the (output) D.C. side. One of the typical groups of results observed for 
the Joshi-effect Ai at 0-2 to 0-7kV of 500 cycles frequency, using these 
various current indicators, is given in Table II. 


In the ozoniser C iodine was introduced by coating the outer surface 
of the inner electrode with a concentrated solution of iodine in carbon tetra- 
chloride. The tube was dried carefully and fitted into the outer electrode 
of the ozoniser. This was evacuated on the Tépler. The entire system was 
maintained at 30°C. The annular space of the ozoniser contained there- 
fore, iodine vapour in contact with an annular coat of iodine at a pressure 
corresponding to its vapour pressure (viz., 0-4 mm.) at the above temperature 
(cf., inset curve in Fig. 2). The discharge current in dark (ip), and that 
under irradiation (i,), were measured with a vacuo-junction connected to 
the mirror galvanometer, at various applied potentials of 500 cycles frequency. 
The influence of ‘ aging ’ the system at a constant applied V on the: magnitude 
of Ai was also studied. The results of only three typical sets of obser- 
vations are returned in Table III. 


In the first of these series the discharge current in dark and the photo- 
current were measured without ‘aging’ the system. In the next series, 
consisting of four sets of observations, the ozoniser was allowed to ‘ age’ 
under the discharge prior to the measurement of ip and i,, for 60 minutes at 
0-13, 0-21, 0-4 and 0-5 kV successively. In the third series the ozoniser 
was ‘ aged’ under the discharge at 0-8 kV for successive periods of 120, 180 
and 500 minutes; the corresponding Joshi-effect Ai was then observed at 
various applied potentials at the end of each ‘ aging’ period. 


The production of the effect Ai was studied in the ozoniser D by coating 
the outer surface of the inner electrode with a concentrated solution of iodine 
in KI and NaCl. The solvent was removed by drying the coat carefully. 
The tube was then fitted in the ozoniser system and the ozoniser was eva- 
cuated on the Tépler. The ozoniser was enclosed in an asbestos chamber 
heated electrically and its temperature was varied from 35° to 65°C. The 
discharge current i was measured with a vacuo-junction and also with a 
serially connected oxide rectifier type A.C. microammeter. The values of the 
net and relative Joshi effect Ai and % Aji observed at 0:3 to 0-6 kV (500 
cycles) are given in Table 1V and in part, graphically in Figs. 1 and 2. 








Ozoniser 5 


Variation with Temperature and Applied Potential of the Joshi 
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TABLE 

Variation with ‘ Aging’ of the Joshi-Effec, 
(Annular Surface coated with Cone 1, 

Frequency of the A. C. supply 
Current Indicator 





Without ‘ Aging ’ ‘ Aging ’ for 60 minutes at (a),0-13, (4) 0-21, (c) 0-4, (d) 0°53 &V 


)  -— 
| iy | ip iz | dp | iy 











41-0 41-0 | 
(6-40)| (6+40)| 
62-5 | 


-_ 


5 62-5 | 65-0 | 65-0 | 
88)| (7-88)| (8-06)| (8-06) | 
105-0 | 86-0 | 86-0 | 127-0 . | 
$)} (10+ 7 (9-27)| (9+27)| (11-27) 
| 144-0 | 126-0 | 126-0 | 174-0 196-0 | 196-0 
(10-73), (10+73)} (12-0) | (12-0) | (11+22)| (11-22)) (13-19) (14-0) | (14-0) 
166-0 | 166-0 | 182-0 | 182-0 | 175- 126°0 | 205-0 5 229-0 | 229-0 
(12+*88}} (12-88) = -49)| (13+49)| ¢ (13-22'| (14-31) . (15-18) | (15-13) 
219-0 | 219-0 | 228-0 | 228-0 | 218-0. | 262-0 313-0 | 313-0 
(14-80 | (14+80)} (15-09)| (15-09) (14+ (14+76)| (16+18) : (17-69) | (17-69) 
280-0 | 280-0 $73.0 273-0 . 271-0 . 376-0 
(16-7) | (16+7) | (16-52)| (16+52)| (16- (16-46) (19-33) 
340-0 | 340-0 | 309-0 $09.0 . 324-0 460-0 
(18+47)| (18+47)| (17-57)| (17-57)| (18-0) | (18-0) | (19+18)] (19-18)| (2-44) 
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Sine Ores Hr 


3 104+ 
(10-21)| (10-21)| ( 
115-0 | 115-0 | 1 


(7+ 
105- 
10- 
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44-0 
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I 
in Iodine Vapour (Ozoniser C) 
in CCl, Soln. and Vaporised in vacuo) 
= 500 cycles/sec. 

= Vacuo~Junction. 


‘ Aging’ for 120 minutes at | ‘ Aging’ for 180 minutes at ‘ Aging’ for 500 minutes at 
8 kV 
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216-6 | 206-6 
(14-69) | (14-32) 
259-0 | 254-0 
(16-07) | (15-9) | 
297-0 |294-0 |—0-08|—0-48| 1-2 | 330-0 
(17-22) | (17-14) | | (8-16) | (17- 
345-0 | 343-0 —0-05|—0-28, 1°33 | 369-0 | 365- 
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459-0 | 459-0 ~ 1. # -7 |366-0 | 366-0 | .. “ 0 | 295-0 
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DISCUSSION OF RESULTS 


Influence of the Supply Frequency on Joshi-Effect 


$1. Results in Table I show that under comparative conditions Ai 
and % Ai are larger by about 80-90% at 50 than at 500 cycles frequency. 
The discharge current i at any applied potential V may be divided into two 
components, the ionic or ohmic current and the capacity or dielectric current, 
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It is known that the dielectric current increases with the frequency of the 
A.C. supply. Prasad** has suggested that the production of the Joshi-effect 
Ai originates from the dielectric component of the total current; an increase 
n the magnitude of ° Ai with the supply frequency should therefore, result. 
This deduction is negatived by the results mentioned above which are in 
accord with Joshi’s view**” *’. “ that the ohmic component of the discharge 
current is presumably the main seat of this phenomenon. Furthermore, 
according to Joshi?” the relative effect °4 Ai depends on V — V,,, where Vin is 
the threshold potential necessary to initiate a discharge. Since V,, diminishes 
by increasing f, the frequency of the A.C. supply,°” it follows that a larger 
f would correspond to a lower V,, and therefore, to a reduced Joshi-effect 
as observed. 


Dependence of Joshi-Effect on the Nature of the A.C. Detector 


§2. The dependence of the magnitude of the Joshi-effect Ai in iodine 
vapour on the mode of current measurement was studied by using a vacuo- 
junction, a Westector type half wave rectifier and a double wave rectifier 
for measuring i. Results in Table II show that the current sensitivity of 
the above indicators, as judged by the values of i at a constant applied 
potential and temperature, varied in the order: double wave rectifier > single 
wave rectifier > vacuo-junction. It is interesting to note, however, that 
comparatively, the numerical values of the net and relative Joshi-effect Ai 
and % Ai observed with the vacuo-junction are appreciably larger than those 
obtained with the other indicators. Thus e.g., at 60°C. and 0-24kV, Ai 
and °% Ai measured with the vacuo-junction are — 1-2 and — 17 respectively. 
The corresponding values obtained for the above quantities with the half 
wave and double wave rectifier are (i) —0-3 and —0-8 and (ii) —1-°4 
and — 1:8 respectively (cf. Table II). Data in Table IV also show that 
at a given applied potential V, the values of ip, i, and Ai are comparatively 
larger with the oxide rectifier than those with the vacuo-junction. It is, 
however, significant that though the same current is passing through both 
the above indicators, the relative Joshi effect °% Ai is 90% greater in vacuo- 
junction detection than that in the oxide rectifier detection (cf. Fig. 2). 
These results are in accord with Joshi’s observation'’ ® that the vacuo- 
junction has a uniform characteristic over a wide range of the applied V 
and is better adapted for purposes of measuring Aji. This comparative 
superiority of the vacuo-junction asa detector of the effect Ai over other 
indicators mentioned, was observed by the author from results representing 
a wide range of applied potential and temperatures other than those referred 
to in Tables II and IV, 
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Influence of Pressure and Temperature on Joshi-Effect 


§3. A series of experiments were made to study the influence of tempe- 
rature on the magnitude of the effect Ai. One of the typical groups of 
results obtained by increasing the temperature of the iodine bulb alone from 
40° to 60° C. is returned in Table I. It is seen that at a given applied poten- 
tial V, ip, i, Ai and % Ai increase with the temperature of the bulb. Thus 
eg., at 2:7kV, the values obtained for ip at 40°, 50° and 60°C. are 33-0, 
41-0 and 52-5 A; those for i; are 32-0, 39-5 and 50-Sy A respectively. 
The net Joshi-effect Ai calculated from the above quantities corresponds to 
—1-0, —1-5 and — 2-0 respectively. The relative effect %Ai also in- 
creases from — 3-0 at 40° to — 3-8 at 60°C. As the temperature of the 
ozoniser was much lower than that of the iodine bulb, an ascending column 
of iodine vapour might have condensed on the annular walls of the ozoniser. 
That such a process of condensation does not, however, produce a uniform 
film of iodine has been observed by Joshi by blowing hot iodine vapour 
through an ozoniser maintained at ordinary room temperature. The con- 
densation of iodine vapour may result in the formation of local patches on 
the annular walls of the ozoniser. The increased concentration at these 
spots may lead to a rise in the conductivity and therefore, the observed 
increase of i with the temperature of the bulb should follow. 


If the iodine bulb wasisolated, the variation of its temperature from 40° 
to 60° C. would have resulted in a pressure rise from 1 to 4-3 mm. (cf. inset 
curve, Fig. 2). In the present work the heated iodine bulb was connected 
to the ozoniser maintained at 30°C. The full increase of iodine pressure 
(corresponding to the bulb temperature) would therefore, not result in the 
excited system. The iodine vapour from the heated bulb would set up a 
pressure gradient with its maximum in the iodine bulb and the minimum 
spread in the annular space. Previous results! °3. % in the case of chlorine 
gas have shown that within limits, i and Aji increase with the gas pressure p. 
The increase of i, Ai and % Ai observed in the present series of experiments 
by heating the iodine bulb may therefore, be attributed to a corresponding 
increase in the pressure of iodine vapour (i.e., the concentration of the excited 
vapour phase). 


Experiments were next made in which the ozoniser and the attached 
iodine bulb were maintained at the same temperature. The entire system 
was enclosed in an asbestos chamber heated electrically and its temperature 
was varied in the range 40° to 90°C. Results in Table II show that at a 
given V, the discharge current i increases upto a limit, with the temperature 
of the svstem and decreases on further increasing the temperature to a 
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higher value. This was observed with all the current indicators and espe- 
cially with the half wave and double wave rectifier. Thus, e.g., at 0-5kV 
and using the half wave rectifier, i, increased from 38-8 at 40° to 41-0 at 70° 
and decreased to 34-6 at 90°C. In this series of experiments the ozoniser 
and the iodine bulb were maintained at the same temperature. The pressure of 
iodine vapour in the ozoniser would therefore, be equal to the vapour pressure 
of iodine at the temperature of the system (cf. inset curve in Fig. 2). The 
increase of i, with temperature, may be due to the favourable effect of pressure 
on i and Aji.’ 33.3% A large increase of p at comparatively high tempe- 
ratures may, however, affect i and Ai adversely. It may also be assumed 
that under the operative conditions mentioned above, a uniform layer of 
iodine is formed on the annular walls of the ozoniser. Since according to 
Joshi®® *’, 3 j depends on V — V,,, the increase of i at the constant applied V 
with temperature suggests that the ‘ threshold potential’ V,, may decrease 
due to the formation of the above layer. This deduction has been confirmed 
experimentally under a wide range of conditions.® At higher temperatures 
this layer may be deranged leading to an increase of V,,; the current i should 


therefore, decrease as a consequence; this has been observed in these Labo- 
ratories. 


§4. Results in Fig. | show that the numerical values of the positive and 
negative net and relative Joshi effect produced in presence of an annular 
film of iodine + KI and NaCl decrease with the temperature of the system. 
Thus, e.g., the maximum values of +Ai and +%Ai obtained at 50°C. 
were +0-5 and + 11-9 respectively. These decreased to +0-4 and + 4:6 
respectively at 65°C. (cf. Fig. 1). It is also significant that the minimum 
applied potential necessary for the production of the positive effect +Ai 
increases with temperature. Thus e.g., at 35°, 50° and 65°C. the positive 
effect was perceptible at 0-22, 0-28 and 0-30 kV respectively. The critical 
inversion potential, where Ai=0, also increased from 0:29 kV at 35° to 
0-42 kV at 65°C. (cf. Fig. 1). It may be emphasised that with the vacuo- 
junction and also the oxide rectifier, this critical value of V observed at 40° C. 
was identical and corresponded to about 0-32 kV (cf. Fig. 2). 


Influence of ‘ Aging’ on Joshi-Effect 


§5. The marked influence of ‘ aging’ under the discharge on the magni- 
tude (and even sign) of the effect Ai was observed by Joshi. Results in 
Table III show that the Joshi effect is not detected in the ozoniser C without 
‘aging’ the system under the discharge or even after allowing it to ‘ age’ 
for 60 minutes at 0-13, 0-21, 0-4 and 0-5 kV. The effect was just appreciable 
only after the ozoniser was * aged’ under the discharge at a larger potential, 
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yiz., 0-8 kV for 120 minutes. It is seen that a further prolonged ‘ aging’ of 
the system under the discharge, however, affects the magnitude of both the 
4+ve and — ve Ai and %Ai adversely. The values of +Ai and +%Ai 
observed at 0°26 kV decreased by about 30% as the duration of * aging’ was 
increased from 120 to 500 minutes (cf. Table III). This suggests that 
a like effect on the magnitude of Ai should occur on ‘aging’ the system 
under the discharge at large applied V for a comparatively shorter time 
period. 

§6. It is significant that with an annular surface film of iodine in KI 
and NaCl, the positive Joshi-effect + Ai set in at low applied potentials 


with but a negligible ‘ aging’ of the system (cf. Table IV). This has been 
further discussed later (vide §18). 


Influence of Hysteresis on Joshi-Effect 


§7. Results in Table III show that for the rising and falling applied 
potential V, the values of ip, i,, Ai and % Aji are not quite identical. This 
indicated hysteresis in the excited system. This factor was not appreciable 
when the system was ‘ aged’ under the discharge at 0-8 kV for 120 minutes. 
The non-identity of the above quantities was, however, more pronounced 
after 180 minutes of ‘ aging’ under the discharge at the above potential. At 
the end of the ‘ aging ’ period, the applied V was increased from 0-13 to 2:0 kV 
and reduced progressively to 0:16kV. During this variation of V, ip and i; 
increased by about 2 to 6% with the decrease in the applied potential. The 
corresponding increase in the net and relative Joshi-effect Ai and %Ai was 
about 60 and 90% respectively. The system showed hysteresis even after 
allowing it to ‘age’ under the discharge at 0-8 kV for 500 minutes. The 
magnitude of the variation of ip, i,, Ai and % Ai decreased, however, appre- 
ciably as a result of prolonged ‘aging’. These results show the marked 
dependence of hysteresis on the duration of ‘aging’. A like result in res- 
pect of the production of Ai has been mentioned previously (vide §5). It is, 
therefore, suggested that hysteresis is an additional factor which possibly 
affects the magnitude of Ai. 


A detailed study of the potential variation of ip, i,, Ai and %Ai was 
next made by using the ozoniser A. Of these groups of results only one 
typical set is returned in Table I(a). The temperature of the iodine bulb 
was varied from 30° to 80°C. The applied potential was increased from a 
low initial value, viz., 2°6kV to a maximum of 4:2 kV, and then reduced 
progressively to the initial minimum. It is seen that the values of ip and i;, 
are greater by about 2 to 4% with the decrease in V than those when it is 
increased progressively. The net Joshi-effect Ai is not affected sensibly; 
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the corresponding relative effect %Ai, however, decreases by about 10% 
with the falling applied potential. 


It is significant that compared with the ozoniser A hysteresis is more 
pronounced in the ozoniser C. This suggests therefore, that excitation of 
iodine vapour in presence of an annular film of iodine is a more favourable 
condition for its occurrence. A possible influence of the supply frequency 
on hysteresis requires further investigation. 


Potential Reversal of Joshi-Effect 


§8. With the half wave and double wave rectifier a sensibly large 
positive Joshi-effect + Ai, i.e., an increase of the discharge current i under 
irradiation, is observed at high temperatures and low applied potentials (cf. 
Table IT). Thus, e.g., at 90° C. and 0:45 kV, the half wave rectifier showed 
about 1-2% positive Joshi effect. Remarkably enough, this decreased rapidly 
with V and inverted to the negative effect — Ai (—0-9) by but a_ small 
change in the applied potential, i.c., 0-05kV. With the double wave recti- 
fier the relative effect was + 5-8 and — 1-0 at 0:5 and 0-56 kV respectively. 


It should be stressed that the entire trend of the above results, in parti- 
cular, the influence of the applied potential on — Aj and its sudden reversal 
to the positive Joshi effect + Ai were observed repeatedly in series of inde- 
pendent experiments. The data in Table II, however, illustrate sufficiently 
the generality of the findings in this connection. 


The potential reversal of the effect Ai is also observed in iodine vapour 
excited in presence of an annular film of iodine or of iodine + KI and NaCl 
(cf. Tables III and IV). The values obtained for the net and relative Joshi- 
effect after 120 minutes of ‘ aging’ at 0-8 kV were — 0-31 and — 2:2 res- 
pectively. These decreased numerically on increasing the applied potential 
till at 1-4 kV the effect was not detected. The applied V was, therefore, 
reduced to 0-16kV. During this variation of V, numerically — Ai and 
— % Ai increased progressively to a maximum of — 0-49 and — 4-0 res- 
pectively at 0-53 kV. On reducing the applied potential further to 0-26 kV, 
a positive net and relative Joshi-effect as large as + 6:9 and +99 was 
observed. These quantities decreased to + 3-8 and + 55 respectively at 
0-21 kV and were negligible at 0-16 kV (cf. Table III). Results in Table 
IV show that the magnitude of the positive effect increases initially with the 
applied V, reaches a maximum and then decreases gradually till at a certain 
critical value of V the effect is not detected. A larger applied V than the 
above critical value reveals the more familiar — Aji. This also increases 
numerically to a negative maximum and then decreases as the applied 
potential is increased progressively (cf. Fig. 1). Thus, e.g., at 35°C. and 
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0:22 kV, the values obtained for + Ai and + %Ai with the vacuo-junction 
were + 0-17 and + 5-1 respectively. These increased to a maximum of 
+0-97 and +21 as the applied V was increased to 0-26kV. At about 
0-29 kV, both the above quantities were reduced practically to zero and on 
increasing the applied potential to the next higher value, namely 0-3 kV, 
the negative effect was observed. —Aiand —% Aji increased to a maximum 
of —0-68 and — 7-1 at 0:33 kV and decreased to — 0-3 and — 2:7 res- 
pectively at 0-41 kV (cf. Fig. 1). 


Joshi’s Theory of the Ai Phenomenon 


§9. Joshi’s theory*! of the effect Ai contemplates three stages, viz., 
(i) at and above the characteristic ‘ threshold potential’ V,,, an ionic + mole- 
cular adsorption-like boundary layer is formed on the electrode surface(s) 
under the applied field; (ii) photo-electric emission occurs from this layer 
due to external irradiation and (iii) these photo-electrons are captured by 
the excited atoms and molecules to form slow moving negative ions and 
produce the observed photo-diminution —Aji as a space charge effect. 
Earlier results have shown that (i) is fundamental not only to the Joshi-effect - 
Ai but also a number of other reactions, e.g., ‘aging’ and the ‘ periodic 
effect’ in N,O-H,**, S-N,™ and other reactions under electric discharge. 


Manley*? observed that a nude surface when brought into contact with 
a gas acquires first a true ‘ paramount’ skin which is enough to cover the 
glass surface twenty molecules deep. This is retained under ordinary condi- 
tions in the presence of high vacuum. The completed primary skin absorbs 
a quantity of its parent gas in much the same way as solids in general do. 
When the apparatus is evacuated, it is only the secondary skin that is mostly 
removed. McBain*! suggested that sorption of gases may be studied through 
this skin effect upon the electrical conductivity for high frequency alternating 
currents. In thermionic and photo-electric emissions it is known that even 
minute quantities of foreign substances, such as Na or K, sorbed on the 
emitter lower the work function appreciably.* The minimum value of the 
work function has been shown by Becker? to correspond to the state when 
the emitter is just covered with a monoatomic layer of the foreign metal. 
The presence of ions on the surface of an adsorbent contributes largely to 
a change in its work function. Adsorbed ions are shown to exert a profound 
influence on thermionic and photoelectric emission. Becker? showed that 
when a fraction less than 0-01 of the tungsten filament surface was covered 
with Cs+ ions, the work function was lowered appreciably. Brewer® found that 
when the fraction of an iron surface covered with K+ ions was only 0-001, 
the threshold voltage dropped from 4-8 to 4:65; a 0-02 fraction altered it 
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to 3-9 volts. He pointed out the significance of this fact in connection with 
the conception of active centres. According to him the catalytic activity 
of certain spots on the surface may be simply due to the presence of adsorbed 
ions which lower the electronic work function. 


Under the operative conditions adopted in the present work, activation 
of the electrode surface and the gas molecules due to ionic bombardment 
under electrical discharge should favour the process of adsorption and the 
formation of the boundary layer fundamental to the production of the 
Joshi-effect Ai. 


§10. Since on Langmuir’s mechanism,** the monomolecular layer 
formed during primary adsorption does not require ‘ external activation,’ 
the photoelectric emission responsible for the production of + Ai should 
occur from this layer in the absence of an external field. The fact that the 
Joshi-effect + Ai sets in under electric discharge only above a characteristic 
threshold potential V,,, suggests therefore that the boundary layer postu- 
lated in Joshi’s theory** may not be identified with the Langmuir layer. 


$11. It is therefore suggested that this ionic + molecular boundary 
layer may, at its simplest, be similar to the ‘ primary skin’ referred to by 
Manley. Bluh* studied the dependence of the adsorption of a gas on the 
magnitude of the applied potential. He observed that adsorption increases 
if the applied potential exceeds a certain value. Results in Tables [I-IV 
show that the magnitude (and even sign) of the Joshi effect Ai varies with 
the applied potential V. Since adsorption increases. with V, it may be 
assumed that the primary adsorption layer is built up slowly as V is increased 
progressively from a low initial value. The work function at the boundary 
layer may decrease and reach a minimum when the formation of the primary 
layer is complete. The positive Joshi-effect + Ai is maximum at this stage. 
The diminution in the magnitude of + Ai with V, may be attributed to the 
increased work function associated with the further growth (i.e., the thick- 
ness) of the secondary layer(s). 


Stuhimann* studied the variation of photo-electric emission from a 
metal film deposited on quartz, as a function of its thickness. His results 
show that the photo-electric current increases initially with the thickness 
of the film, then diminishes to increase once again as the thickness is 
increased progressively. Using sputtered films of platinum and gold on 
glass, Compton and Ross’ observed the occurrence of two maxima in the 
photo-electric current on increasing the thickness of the film. The second 
maximum (for the greater thickness), however, disappeared in the course of 
time and seemed therefore to be associated with some form of instability 
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(gas layers °) in newly sputtered films. Remarkable fluctuations in the photo- 
electric currents from thin films of dyestuffs, as a function of the thickness 
of the layer, were observed by Predwoditelew and Netchewa.** This was 
explained by Hlucka** and Akulov' on the basis of the production of 
‘standing waves’ in the thin films. Ives** showed that when platinum was 
exposed to sodium vapour, the work function decreased initially and 
increased after some time. This was attributed to the slow formation of 
an adsorption layer, which when sufficiently thick showed the same work 
function as the alkali metal in bulk. A diminution in the work function 
at the boundary layer should increase the photo-electric emission. The 
periodic variation in the magnitude of the photo-electric current with the 
thickness of the film suggests therefore, a corresponding change in the work 
function of the deposited film. Reference may now be made io a marked 
difference observed between the dependence of the photo-electric current 
on film thickness in the case of alkali metal films and those of platinum or 
silver deposited on quartz or glass. Langmuir and Kingdon** suggested 
that atoms may be adsorbed as ions on surfaces when the work function 
of the surface is greater than the ionisation potential of the adsorbed ion. 
This condition is satisfied by most alkali metals deposited on the usual 
supporting metals and perhaps also on glass. According to Becker? the 
occasional adsorbed ion lowers the work function of the composite surface 
and therefore, the maximum current is obtained when single alkali metal 
atoms are distributed over the surface. No such effect occurs when the film 
is entirely of uncharged atoms (e.g., the platinum films) and when the ionisa- 
tion potential of the deposited metal is greater than the work function of 
the supporting surface. The film has to provide all the photo electrons, 
much as thick layers do, and in this case a film thickness of the order of 30 
atomic diameters may be necessary to produce the maximum current.?? 


The ionisation potential of iodine is greater than the work function of 
glass. It follows therefore, that the maximum photo-electric current and 
the positive Joshi-effect + Ai should occur from a Manley type primary 
adsorption layer. 


§12. The (reversible) transition, —Ais> +Ai, by mere potential 
variation suggests, by analogy with the temperature reversibility of the 
condensation-evaporation process at the solid-gas interface, that the forma- 
tion and attenuation of the boundary layer (in part, the seat of Ai) by 
adsorption—desorption is determined by the operating potential. Another 
factor which possibly affects the above reversal is indicated later (vide §16). 


§13. The discharge current i at an applied potential V, in an ozoniser 
circuit, is given by the following equation due to Joshi:*° 


A4 


260 G. S. Deshmukh 


; sa clits <i ) l , 
NOES ETT TET * ® 
where Zf represents the equivalent of frequencies developed under the 
discharge including those of the supply and its harmonics; C,, and C, are the 
capacities associated with the combined annular walls and the excited gas 
respectively ; the circuital inductance L is constant. It follows from (i) that the 
occurrence of the positive Joshi-effect may be attributed, in part, to an increase 
in 1/R,. This may result from the photo-ionisation of the excited iodine 
vapour. The fluorescence produced in iodine vapour by light of comparatively 
long wavelength led to experiments on the photo-ionisation of iodine vapour. 
Henry, Whiddington® and Frank and Westphal" obtained negative results 
with light deprived of most of the ultra-violet by passage through the glass 
of the apparatus. The latter, however, found that it is easier to produce a 
glow discharge in fluorescing iodine vapour than through non-fluorescing 
vapour. It is, therefore, inferred by the above authors that less work is 
required to ionise the vapour when it is fluorescing than when it is not. The 
occurrence of the positive Joshi-effect above the critical applied potential 
may be anticipated from a greater probability of photo-ionisation of the 
pre-excited iodine vapour. 


§14. The production of the positive Joshi-effect + Ai may also be 
attributed to an emission of positive ions from the electrode layer under 
light. From analogy between thermionic and photoelectric emission it is 
expected that positive ions would also be ejected from metals by light. 
Dember® reported that light falling on a metal surface produced, in addi- 
tion to ordinary electron emission, a small emission of positive ions. 
Detailed and careful investigation by Du Bridge!* and Butterworth,® how- 
ever, showed no measurable photo-electric production of the positive ions 
from metal surfaces. 


§15. The photo-variation of i may also occur due to a corresponding 
change in either or both C,, and C,. The adsorption of a gas is associated 
with a change in its dielectric constant. Keyes and Marshall** found a 
close parallelism between heats of sorption and the dielectric constant of 
various gases. Iliin** attempted to correlate dielectric constant with the 
adsorption capacity of a solid. He showed that small changes in the compo- 
sition of solids entail marked changes in dielectric adsorption in solids. 
Whitehead*® observed that impurities and moisture in small quantities 
caused a large change in adsorption. These factors change the electrical 
capacity of the system (C,,); a corresponding variation in i should therefore 
follow from Joshi’s equation (i). 
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§16. The non-occurrence of Ai at the inversion potential suggests 
that the thickness of the layer and its characteristic work function may reach 
a critical stage where the rate of photo-electric emission and that of the 
negative ion formation may be almost identical. Excitation of the system 
at potentials higher than the above critical value may favour the formation 
of negative ions and produce the negative Joshi effect — Ai as observed. 
The probability of electron capture by a particle depends on P/E where E 
is the electric field. A diminution in the numerical values of the negative 
net and relative Joshi-effect — Ai and — % Aji at comparatively high applied 
potentials, as also the favourable influence of p at constant V are therefore 
to be anticipated (vide §13). 


At the critical stage, where the positive effect + Ai inverts to —Ai, 
the discharge current i is markedly unsteady and varied comparatively more 
rapidly by but a small change in the applied V. Thus, on decreasing the 
applied potential from 0-42 to 0:26 kV (i.e., by 0-16 kV), i, decreased by 
about 40%. Compared with this, the variation of i, for a corresponding 
change in V at any other stage of the observation was only 10-15% (cf. 
Table Ill). This has been confirmed in a series of independent experiments 
over a wide range of operative conditions not referred to in Table III. These 
results are in accord with Joshi’s view based on data for chlorine discharge, 
under fields due to potentials of high frequencies (10° cycles/sec.) that at the 
critical stage the system shows a marked instability.*° 


§17. The general result that the duration of ‘ aging’ exercises a marked 
influence on the magnitude of Aji, discriminates Joshi’s boundary layer from 
the one postulated by Langmuir (vide supra). The occurrence of the maxi- 
mum net and relative Joshi-effect may be attributed to a certain critical condi- 
tion of the adsorption layer produced after a given duration of ‘ aging’. 


It is instructive to consider at this stage the observations of Tartakowsky* 
on the work function of crystals. He found that rock salt crystals were 
inactive photoelectrically when illuminated by a mercury vapour lamp. If, 
however, the crystal was bombarded by electrons from a hot wire in the 
same vacuum, it showed a considerably large photo-electric current which 
diminished slowly with time. The photo-electric effect ceased when the 
surface was completely discharged. According to Joshi’s theory*! photo- 
electric emission from the adsorption-like boundary layer is fundamental 
to the production of the effect Ai. Its occurrence in the above system, only 
after ‘aging’ the ozoniser under the discharge for a certain time period 
Suggests therefore, that the ionic bombardment of an otherwise photo- 
electrically inactive surface may lead to the formation of the activated 
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boundary layer responsible for the production of Ai. A prolonged ‘ aging’ 
may stabilise the adsorption layer and increase its work function. This 
may result in a corresponding reduction in the magnitude of Aji as observed. 


§18. The nature of the electrode surface should affect the work fune- 
tion at the boundary layer. Thus, one of the typical groups of results 
obtained with the ozoniser D revealed a large + Aji at low applied potentials 
without * aging’ the system sensibly. This is explicable on the assumption 
that the formation of an unstable complex like KI,, due to the interaction 
of iodine and KI, may reduce the work function at the boundary layer and 
therefore, favour the production of the positive effect + Ai. In the other 
series of results returned in Table III, the critical condition of the boundary 
layer favourable for the production of + Ai was obtained only after allowing 
the system to ‘age’ under the discharge, at a given applied potential V for 
a certain time period (vide § 6). 


§19. It is suggested as a general mechanism that a low work function 
at the boundary layer is a necessary precedent to the production of the 
positive Joshi-effect + Ai, and that the increase in + Ai with V during the 
initial stage would appear, in general, to be associated with the formation 
of a super-Manley type adsorption layer. 


The change, + Aiss — Ai, is attributed, in part, to the increased work 
function at the boundary layer due to the development of secondary layer(s). 
The formation of negative ions at large V is perhaps another factor in 
the production of — Ai. A large applied potential or/and low temperature 
should facilitate the formation of the secondary adsorption layers due 
either to condensation or increased adsorption under the applied field. It 
follows, therefore, that the formation of the primary adsorption layer with 
its characteristic low work function would be favoured by high temperature 
or/and low applied potential. This deduction is supported by the general 
result that the positive Joshi-effect + Aji is detected at high temperatures 
over a comparatively much wider range of the applied V (cf. Fig. 1, Table IV). 


Grateful thanks of the author are due to Professor S. S. Joshi, D.Sc. 
(London), F.R.I.C., F.A.Sc., for his kind help and valuable suggestions 
during this work. 

SUMMARY 


Production of the Joshi effect Ai is observed in iodine vapour excited 
in Siemens’ type (glass) ozonisers in the range 0-2 to 5kV of 50 and 500 
cycles frequency. The net (Aji) and relative effect (% Ai) decrease with 
the supply frequency; and temperature in the range investigated, viz., 
30-90° C. The influence of the mode of current measurement on Ai was 
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studied by using an A.C. microammeter (with a bi-phase, metal oxide, recti- 
fying bridge), a vacuo-junction, a Westector type half wave and full wave 
rectifier for measuring i. The effect Ai was largest with the vacuo-junction. 
An initial ‘ aging’ is necessary for its production. This ‘ aging’ period is 
reduced markedly in the presence of an unstable complex like KI,. A large 
positive Joshi-effect + Ai occurs at low applied potential (V) and especially 
in presence of an annular film of iodine or of iodine + KI and NaCl. A 
100% positive Joshi-effect inverts progressively to — 4% by increasing the 
applied V from 0-26 to 0-56kV. The reverse change from — Ai to +Ai 
by potential reduction only, also occurs. At the inversion potential where 
the effect Ai is not detected, the system shows a marked instability in regard 
to i, as observed near the threshold potential. This inversion potential 
increases sensibly with the temperature of the system. Rising and falling 
V-i characteristics show hysteresis. This is an additional determinant of 
Ai, and indicates a lag distinctive of a condensed phase. The magnitude 
of hysteresis is affected by ‘ aging’ and nature of the electrode surface. 
Based on Joshi’s theory® that the formation of an adsorption-like boundary 
layer is fundamental to the production of Aji, the present results suggest 
that the behaviour of this boundary layer with its characteristic ‘ work 
function’ determines its magnitude and even sign. The production of the 
positive Joshi-effect + Aji at low V is attributed to the photo-electric emission 
from a primary adsorption layer formed under the applied field. The 
progressive increase with V of + Ai to a maximum, as observed during the 
initial stage, is ascribed to a corresponding reduction in the work function 
at the completed (not necessarily unimolecular) primary layer. Further 
adsorption at higher V leads to secondary layer (s). With their growth, the 
work function increases. The photo-electric emission, however, decreases 
and +i is reduced as a consequence. The production of the negative 
effect — Ai above the inversion potential is due, in part, to the increased 
work function for the (secondary) adsorption layer(s). The rapid formation 
at large enough V of slow moving negative ions, due to electron capture by 
the excited iodine atoms suggested in Joshi’s theory, is possibly another 
factor in the occurrence of — Ai. The reversible transition, + Aiss— Ai, by 
potential variation suggests that the growth and attenuation of the boundary 
layer is determined inter alia by the magnitude of the exciting potential. 
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SYNTHETIC EXPERIMENTS IN THE 
BENZOPYRONE SERIES 


Part IX. Partial Demethylation of Chalkones: A Synthesis 
of Sakuranetin 


By N. NARASIMHACHARI AND T. R. SESHADRI 
(From the Department of Chemistry, Andhra University, Waltair) 


Received February 23, 1949 


THE partial demethylation of 5: 7-dimethoxy flavanone (I) using anhydrous 
aluminium chloride in nitrobenzene solution was described earlier in con- 
nection. with the study of the constitution of alpinetin! The 5-position 
underwent demethylation and 5-hydroxy-7-methoxy flavanone (II) was 
obtained. When the corresponding chalkone, 2-hydroxy-4: 6-dimethoxy 
chalkone (III), was employed for this demethylation, it underwent demethyla- 
tion in the 4-position analogous to the behaviour of the simpler acetophenone 
trimethyl ether (V)? which yields 6-O-methyl-phloroacetophenone (Va). The 
constitution of the product (IV) is supported by its properties and is fully 
confirmed by its synthesis using 2: 4-dihydroxy-6-methoxy acetophenone 
(Va) and benzaldehyde. On cyclisation it yields 7-hydroxy-5-methoxy 
flavanone (VI) which has not been prepared before. 
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The use of hydrobromic acid for this partial demethylation of the 
chalkone (III) gave rise to very different results. The product was found 
to be 7-methoxy-5-hydroxy-flavanone (II). Its formation could be explained 
only on the basis that flavanone ring closure takes place first with subsequent 
facile demethylation in the 5-position of the flavanone (I) almost to the com- 
plete exclusion of the alternative course of change mentioned above. This 
difference is obviously due to the capacity of hydrobromic acid to bring 
about flavanone conversion readily. The reaction takes place with equal 
facility by means of hydrobromic acid in aqueous or in acetic acid solution. 
It thus represents a simplification in the synthesis of the flavanone (II). 


The partial demethylation using hydrobromic acid was next applied to 
the higher member of the chalkone series, 2-hydroxy-4: 6: 4’-trimethoxy 
chalkone (VII). In this case the product was found to be a monomethyl 
ether identical in every respect with sakuranetin (VIII), the 7-methyl ether 
of naringenin.* Obviously besides the 5-methoxyl group, the methoxyl 
in the 4’-position of the flavanone skeleton had also suffered demethylation. 
The identity of the product was confirmed by comparison with a sample of 
sakuranetin obtained from Prunus puddum. This naturally occurring 
monomethyl ether of naringenin was originally prepared synthetically by 
methylating naringenin with | mole of diazomethane.’ Our attempts to 
carry out this partial methylation using 1 mole of dimethyl sulphate in the 
presence of potassium carbonate in acetone solution has not been success- 
ful. The product was found to be a mixture which was difficult to separate. 
The above method of partial demethylation seems to be the most convenient 
one for the synthesis of this naturally occurring substance. 
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Demethylation with aluminium chloride 


Preparation of 2: 4-dihydroxy-6-methoxy chalkone (IV).—{i) To a solu- 
tion of 2-hydroxy-4: 6-dimethoxy-chalkone’? (0-5 g.) in benzene (10c.c.), 
anhydrous aluminium chloride (1-0 g.) was added and the mixture refluxed 
on a water-bath for 1 hour. Benzene was then distilled off and the alumi- 
nium chloride complex treated with ice and hydrochloric acid when a solid 
separated out. It was filtered and washed with water. It crystallised from 
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alcohol as yellow tiny prisms melting at 140-42°. It gave a dark brown 
colour with ferric chloride in alcoholic solution and dissolved in cold aqueous 
sodium carbonate. It was identical with a synthetic sample of 2: 4-di- 
hydroxy-6-methoxy chalkone described below. (Found: C, 71-8; H, 5-3; 
C,sH,,O, requires C, 71-9; H, 5-2%). 


(ii) The condensation of 2: 4-dihydroxy-6-methoxy acetophenone with 
benzaldehyde in alkali was carried out and the product was worked up as 
in similar cases.6 2:4-Dihydroxy-6-methoxy chalkone crystallised from 
alcohol in the form of short prisms melting at 140-2°. The mixed melting 
point with the sample described above was undepressed. The colour re- 
actions of the two samples were identical. 


Preparation of 5-methoxy-T-hydroxy flavanone (VI).—The above di- 
hydroxy-monomethoxy chalkone (0-5 g.) was refluxed in alcoholic sulphuric 
acid solution (25 c.c., 4%) for 24 hours. Alcohol was then removed under 
reduced pressure, the residue diluted with water (25 c.c.) and the solid product 
filtered. The resulting chalkone-flavanone mixture was separated by frac- 
tional crystallisation from benzene-petroleum ether mixture in which the 
flavanone was more soluble. 5-Methoxy-7-hydroxy flavanone crystallised 
from petroleum ether as colourless prisms melting at 126-7°. It gave no 
colour with alcoholic ferric chloride and readily dissolved in cold aqueous 
sodium hydroxide (Found: C, 71-4; H, 5-1; C,.H,,O, requires C, 71-9; 
H, 5-2%). 


Demethylation with hydrobromic acid 


Preparation of 5-hydroxy-7-methoxy flavanone (II).—{i) 2-Hydroxy- 
4: 6-dimethoxy chalkone (0-5 g.) was treated with a saturated solution of 
hydrobromic acid in acetic acid (10c.c.) and the red solution heated on a 
boiling water-bath for 2 hours. It was then diluted with water (50 c.c.) 
when a pale brown solid separated out. It crystallised from alcohol as 
colourless prisms melting at 100-1°. It gave a green colour with ferric 
chloride in alcoholic solution and a deep blue colour with concentrated 
nitric acid. It was sparingly soluble in cold aqueous alkali. It was identical 
with the sample obtained by partial demethylation of 5: 7-dimethoxy flava- 
none with aluminium chloride.’ Yield, 0-3 g. 


(i) To a solution of the chalkone (0-3 g.) in glacial acetic acid (2 c.c.) 
aqueous hydrobromic acid (5 c.c., 40%) was added and the mixture heated 
at 110° on an oil-bath for 2 hours. On cooling and diluting with water 
5-hydroxy-7-methoxy flavanone separated as a pale brown solid. It crystal- 
lised from alcohol in the form of colourless prisms and melted at 100-1° 
alone or in admixture with the sample obtained above, 
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Synthesis of sakuranetin (VIIT).—2-Hydroxy-4: 6: 4’-trimethoxy chalk- 
one® (0:5 g.) was treated as above with a solution of hydrogen bromide in 
acetic acid (10 c.c.) and the mixture heated on a boiling water-bath for 2 
hours. The solution was then diluted and the solid product filtered and 
washed. It crystallised from alcohol as colourless prismatic needles and 
melted at 152-4°. It gave a deep violet red colour with alcoholic ferric 
chloride and a deep indigo blue colour with concentrated nitric acid. On 
reduction with magnesium and hydrochloric acid in alcohol the compound 
developed a scarlet red colour. It was identical in all its properties with 
sakuranetin and the mixed melting point with an authentic sample of 
sakuranetin obtained from the bark of Prunus puddum* was undepressed. 
(Found: C, 67-5; H, 4-6; OCH, 10-7; C,sH,,O; requires C, 67-1; 
H, 4:9; OCH, 10-8%). 

SUMMARY 


Partial demethylation of 2-hydroxy-4:6-dimethoxy chalkone with 
aluminium chloride yields 2: 4-dihydroxy-6-methoxychalkone which could 
be cyclised to 5-methoxy-7-hydroxy-flavanone. The use of hydrobromic 
acid for the demethylation produces directly 5-hydroxy-7-methoxy flavanone 
due to initial ring closure and subsequent demethylation in the 5-position of 
the flavanone. When this reagent acts on 2-hydroxy-4: 6: 4’-trimethoxy 


chalkone sakuranetin, the naturally occurring monomethyl ether of narin- 
genin is produced. 
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As stated in Part I of this series, the Fries Reaction had not been as syste- 
matically studied with regard to the esters of dihydric phenols as in the case 
of mono-hydric phenols. Thus the esters of catechol had been shown to 
undergo this reaction by Rosenmund and Lohfert! and Miller, Harting, 
Rock and Crossley? and conditions for the best yield of 4-acyl-derivatives 
had been worked out. The esters of resorcinol had been studied by 
Rosenmund and co-workers,* Baker,‘ Venkataraman and Gulati,> Klarmann,® 
and Mauthner,’ but the results vary, while in the case of orcinol, only one 
ester had been studied in this respect by Mauthner (Joc. cit.). Hydroquinone 
diacetate was reported by Rosenmund and Lohfert (Joc. cit.) to give the 
2-acyl-derivative but the different conditions were not studied, while Heller® 
and Mauthner (loc. cit.) reported adversely. Thus, it was evident, that there 
was room for a thorough and systematic inquiry especially with regard to 
the temperature, concentration of the catalyst, time, and the nature of the 
acyl group. Our results, the preliminary note of which was published by 
us’ are as under :— 


Hydroquinone.—The diacetate gave 2-acetyl hydroquinone (I) the best 
yield of which was obtained by using three mols of aluminium chloride for 
one mol. of the ester, the heating being carried out at 190-200° for one hour 
and a half. If the quantity of aluminium chloride was reduced, a considerable 
quantity of 4-acetoxy-2-acetyl-hydroquinone was produced along with (I). 


The diacetates of 2-methylhydroquinone and 2-chlorohydroquinone 
gave 2-methyl-5-acetyl-hydroquinone and 2-chloro-5-acetyl hydroquinone 
together with their mono-acetates. The acetate of quinacetophenone 
underwent deacetylation. Similarly the dipropionate and the dibenzoate 
of hydroquinone gave 2-propionylhydroquinone and 2-benzoylhydro- 
quinone together with their monopropionate and monobenzoate. It was 
not possible to introduce two acyl groups in the molecule of hydroquinone. 


Resorcinol_—The diacetate gave a mixture of resacetophenone, and 
2; 4-diacetyl-resorcinol at lower temperatures, while a mixture of these two 
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along with 4: 6-diacetyl-resorcinol at higher temperatures. Resorcinol 
dipropionate and dibutyrate gave respropiophenone and resbutyrophenone 
together with 2: 4-dipropionyl- and 2: 4-dibutyrylresorcinols, but resorcinol 
benzoate gave only resbenzophenone. Thus the benzoyl group was quite 
different in its behaviour from the acetyl, propionyl and butyryl groups, 
The acetate of resorcinol monomethyl ether gave resacetophenone, as 
demethylation also took place simultaneously. 


Orcinol.—The diacetate gave mainly 2: 4-diacetylorcinol together with 
small quantities of B- and Y-orcacetophenones. When left in contact with 
85 per cent. sulphuric acid, 2: 4-diacetylorcinol, and B-orcacetophenone 
gave Y-orcacetophenone and orcinol respectively. Thus this method pro- 
vides one of the best methods of preparing y-orcacetophenone. Orcinol 
dipropionate and dibutyrate behaved similarly, but the dibenzoate gave 
only a small quantity of B-orcbenzophenone. 


EXPERIMENTAL 


General remarks.—The acetates were prepared by heating the phenols 
with acetic anhydride in presence of anhydrous sodium acetate, while the 
propionates and butyrates were prepared by the anhydride method using 
pyridine as a catalyst. The usual Schotten-Baumann method for benzoyla- 
tion of phenols was used. 


General Procedure of Fries Migration 


The dry ester (1 mol.) was thoroughly mixed with anhydrous aluminium 
chloride (3 mols.) and heated to the requisite temperature for particular 
time in an oil-bath. Ice and dilute hydrochloric acid were added and the 
resulting solids were examined. 


The results obtained with the esters of hydroquinone have been shown 
in Table I. 

















TABLE I 
Ester AICI, in | Time in Temperature Yield and remarks 
mols. hrs, 
Diacetate . i 3 1-5 | 130-140° | 50% of 2-acetylhydroquinone 
do wal 3 1-5 | 160-165° | 58% of 2-acetylhydroquinone 
do “il 3 1-5 190-200° | 60% of 2-acetylhydroquinone 
do 2 1-5 190-200° 60% of 2-acetyl-hydroquinone and its 4-acetoxy- 
derivative 
Dibenzoate .. 3 |} 15 190-200° | 50% of quinbenzophenone 
do at 2 | 165 190-200° | 50% of quinbenzophenone and 4-benzoyloxy- 
| quinbenzophenone 
Dipropionate 3 | 1-5 | 190-200° | 60% of quin-propiophsnone and 4-propionoxy- 
quinpropiophenone 
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Hydroquinone dipropionate crystallised in needles, m.p. 97° (Found: C, 
64-6; H, 6-5. Cy2H,,O, requires C, 64-9; H, 6-3 per cent.). 

2-Propionylhydroquinone crystallised from alcohol in silky needles, 
m.p. 96°, and its alcoholic solution gave green colouration with ferric chlo- 
ride(Found: C, 64:9; H,6-2. C,H29O; requires C, 65-1; H, 6-0 per cent.). 


4-Propionoxy-2-propionyl-hydroquinone obtained by heating the above 
product (1 gm.) with propionic anhydride (10 c.c.) crystallised from petroleum 
ether (b.p. 40-60°) in thick needles, m.p. 53°. This product was also formed 
during the Fries Reaction (20%). Its alcoholic solution gave violet coloura- 
tion with ferric chloride. It undergoes depropionylation giving 2-propionyl- 
hydroquinone when left in contact with 85 per cent. sulphuric acid or sub- 
jected to the Fries Reaction (Found: C,64-6; H, 6:4. (C,,H,,O, requires 
C, 64-9; H, 6°3 per cent.). 

2-Methyl-5-acetylhydroquinone crystallised from alcohol in colourless 
needles, m.p. 141°. Its alcoholic solution gave green colouration with ferric 
chloride (Found: C, 64-8; H, 6:2. C,H O, requires C, 65:0; H, 
6-0 per cent.). 


1-Acetoxy-2-methyl-5-acetyl-hydroquinone crystallised from alcohol in 
stout needles, m.p. 109°, and its alcoholic solution gave blackish-red colour 
with ferric chloride (Found: C, 63-2; H, 6-1. C,,H,.O, requires C, 63-5; 
H, 5-8 per cent.). 

The p-nitrophenylhydrazone of 2-methyl-5-acetyl-hydroquinone crystal- 
lised from alcohol in orange plates, m.p. 240° (Found: N, 14-2. C,;H;O,N, 
requires N, 14-0 per cent.). 


2-Chloro-5-acetyl-hydroquinone crystallised from benzene in yellow 
needles m.p. 145°. Its alcoholic solution gave green colouration with ferric 
chloride (Found: Cl, 19-2. C,H,O,Cl, 19-0 per cent.). 


1-Acetoxy-2-chloro-5-acetyl-hydroquinone crystallised from alcohol in 
straw-yellow needles, m.p. 129°. Its alcoholic solution gave reddish-orange 
colouration with ferric chloride (Found: Cl, 15-2. C,)H,O,Cl requires Cl 
15-5 per cent.). 


Quinbenzophenone crystallised from acetic acid in colourless needles, m.p. 
125°, and its alcoholic solution gave green colouration with ferric chloride. 


4-Benzoyloxyquinbenzophenone crystallised from petrol in stout needles, 
m.p. 96, and its alcoholic solution gave red colouration with ferric chloride. 
On keeping in contact with concentrated sulphuric acid, it gave quinbenzo- 
phenone (Found: C, 75-3°; H, 4°6. Cs 9H,,O, requires C, 75-5; H, 4-4 
per cent.). 
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TABLE II. Fries Migration of the Esters of Resorcinol 
eh | 
Ester Ram 3 be - Temperature| Products 
" . | 
Diacetate 3 |} 165 140-145° | Resacetophenone (28 per cent.) 2:4 
diacetyl resorcinol (48-0 per cent) 
do 3 1-5 180-185° | Resacetophenone (37-0 per cent.) 2: 4- 
diacetyl resorcinol 60-0 per cent.) 
as 
do 3 | 165 205-210° | Resacetophenone (7-0 per cent.) 2: 4- 
diacetyl-resorcinol (48-0 per cent.) 
| 4:6-diacetyl resorcinol(14- 0 per cent.) 
| 
Dipropionate 3 1-5 180-185° | Respropiophenone (25-0 per cent) 
| | 2:4-dipropionylresorcinol (55-0 per 
cent.) 
Dibutyrate 3 | 165 180-185° | Resbutyrophenone (20-0 per cent.) 
| | 2:4-dibutyryl-resorcinol (50-0 per 
| | cent.) 
Dibenzoate 3 | 1-5 180-185° | Resbenzophenone (45-0 per cent. ) 
Resorcinol-monomethyl-| 1-5 | 1-5 180-185° Resacetophenone (60-0 per cent) 
ether mono-acetate | 
4Ethylresorcinol diace-| 3 | 1-5 | 180-185° | 2: 6-diacetyl-4-ethylresorcinol 
tate | | (65-0 per cent.) 
TABLE III. Fries Migration of the Esters of Orcinol 
> 
Ester a. Pay oe Yield and remarks 
| r 
Diacetate 3 1:5 | 110-120 2:4-Diacetylorcinol (54-0 %) and mixture o 
| B- and y-orcaceto phenonc (26-0%) 
do 3 1-5 | 140-150° | 2 : 4-diacetylorcinol (80-0%) Mixture of B- 
| and Y-orcaceto phenone (12-5%) 
do 3 1-5 180-190° | 2: 4-diacetyl-orcinol (67-0%). Mixture of B 
and Y-orcacete pherone (28-0%) 
| 
Dipropionate 3 1-5 | 140-150° | 2:4dipropionylorcinol (60-0%) Mixture of B - 
| and Y-orcpropiophenone (20-0%) 
Dibutyrate 3 1-5 | 140-150° | 2:4-dibutyrylorcino] (33-0%) Mixture of B- 
and Y-orcbutyrophenone (20-0%) 
} 
Dibenzoate 3 1-5 | 160-170° | Mixture of B- and Y- orcbenzophenone (25-0%) 
} 














Conversion of 2: 4-diacylorcinols into Y-acylorcinols 


The mixture of the diacylorcinol (1 gm.) in 85 per cent. sulphuric acid 
(10 c.c.) was kept for four hours, and the product obtained by pouring the 
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solution over ice was crystallised from dilute alcohol. The conversion was 
almost quantitative. 

The dibenzoate of 2: 4-diacetylorcinol crystallised from acetic acid in 
long, colourless needles, m.p. 106° (Found: C, 71-8; H, 5-0. CysHaO6¢ 
requires C, 72-1; H, 4-8 per cent.). 


Reduction of dipropionylorcinol to 2: 4-dipropylorcinol 


A mixture of amalgamated zinc (5 g.), the ketone (1 g.) and dilute hydro- 
chloride acid (15 c.c.) was heated on sand-bath under reflux for five hours, 
The cooled mixture was extracted with ether, and the solid recovered on the 
removal of the solvent crystallised from petrol (40-60 b.p.) in needles, m.p. 
85°. (Yield 60-0 per cent.) (Found: C, 74:8; H, 9-7. C,3H2»O, requires 
C, 75-0; H, 9-6 per cent.). 

2: 4-dibutyrylorcinol crystallised from dilute acetic acid in colourless 
needles, m.p. 67°. Its alcoholic solution gave blackish-red colouration with 
ferric chloride, and on treatment with 85 per cent. sulphuric acid, it gave 
Y-orcbutyrophenone (Found: C, 68-1; H, 7:8. CysH2O,4 requires C, 
68-2; H, 7-6 per cent.). 

Y-orcbenzophenone crystallised from alcohol in pale-yellow needles, 
m.p. 127°. Its alcoholic solution gave greenish black colouration with ferric 
chloride (Found: C, 73-4; H, 5-5. (Cy,4H12,0O, requires C, 73-7; H, 5-3 
per cent.). 


We express our thanks to Rev. Father A. M. Coyne, s.J., for the provi- 
sion of facilities. 
SUMMARY 


The Fries migration of the esters of hydroquinone, resorcinol and 
orcinol have been studied under various conditions of temperature. A new 
and convenient method of the preparation of Y-acyl-orcinols has been dis- 
covered. 


REFERENCES 
1. Rosenmund and Lohfert .. Ber., 1928, 61, 2601. 
2. Miller, Hartung, Rock and J. Amer. Chem. Soc., 1938, 60, 7. 
Crossley 
3. Rosenmund and Co-workers .. Arch. Pharm., 1927, 265, 308; 1933, 271, 342. 
4. Baker, J, .. J. Chem. Soc., 1934, 1684. , 
5. Venkataraman and Gulati, J. .. J., 1931, 2736. 
6. Klarmaun .. J. Am. Chem. Soc., 1926, 48, 2358. 
7. Mauthner .. J. Pr. Chem. (2), 1933, 136, 205. 
8. Heller .. Ber., 1912, 45, 2389. 
9. Desai and Mavani -» Current Science, 1941, 10, 524. 








A NOTE ON THE SPIN IN BHABHA’S THEORY 
OF ELEMENTARY PARTICLES 


By K. K. GUPTA 


(Tata Institute of Fundamental Research, Bombay) 


Received February 26, 1949 
(Communicated by Dr. H. J. Bhabha, F.a.sc., F.R.s.) 


Ir has been shown by Bhabha that every relativistic wave equation for a 
particle of finite mass can be written in the form 


{p,a* + x} p = 0, (1) 
where the p, are the differential operators—i —_ (x, x*, x*, x®= x, y, 2, cf) 


and the a* are four square matrices defining the spin. X is a constant 
related to the mass of the particles. In the scheme of wave equations pro- 
posed by Bhabha (1945 a) for every irreducible representation R, (n, m) of 
the Lorentz group in five dimensions, (1) gives one irreducible wave equation 
for an elementary particle. Since in the representation R; (n, m), m denotes 
the maximum eigenvalue of the ten operators I*1, (K, L = 0, 1,...., 4), 
which form the nucleus of the representation, m is interpreted as the maximum 
spin of the particle described by the corresponding irreducible wave equation. 


In order to give meaning to the second index m in R; (n,m) Bhabha 
(1945 b) derives the non-relativistic approximations of (1) in the presence of 
an arbitrary electromagnetic field. For this purpose the matrix a® is brought 
to its diagonal form in which its eigenvalues are n,n —1,...., —m. Since 
each of the three matrices il”, (k, 1 = 1, 2, 3) commutes with o°, their only 
non-vanishing submatrices are then (r | I” |r), r =n,n —1,...., —m and 
these provide a representation of the three-dimensional rotation group. The 
state of lowest rest mass corresponds to the maximum eigenvalue of a, 
and in this case the non-relativistic approximation to (1) is 


1 
{7 ~ 2M “* a + aM Fy (n | * | n)|  (n)= 0, (2) 
4 -_ ; 
ee et ee : ds iets 5x0 Ao» oo Exe — eA,; 


Ay, A, are the electromagnetic potentials, F,, the magnetic field, and e 
a constant denoting the charge. Without disturbing the diagonal form of 
a° one can reduce the submatrices (n | I” | ) so as to provide a direct sum 
of irreducible representations of the three-dimensional rotation group: 
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D, + Dy 4D, +..... Bhabha has proved in the case of the equations 
R, (n, 0), m any integer, and R;(”, 4), m any half odd integer, that the 
(n|1”|n) transform according to the single irreducible representations 
D, and D, respectively of the three-dimensional rotation group, so that (2) 
describes in these cases particles of spin 0 and 4 respectively in their states 
of lowest rest mass. He has also made the more general statement (1945 c) 
that for the wave equation provided by the representation R,(#, m) the 
non-relativistic approximation for the state of lowest rest mass also corres- 
ponds to only one single spin of the particle, namely m. The purpose of 
this note is to prove this statement. We shall show in general that for the 
scheme R; (n, m) the (n | I” | n) transform according to the single irreducible 
representation D,, of the three-dimensional rotation group, so that (2) de- 
scribes a particle of spin m in its state of lowest rest mass. 


The ten infinitesimal operators IX™ of the five-dimensional Lorentz 
group satisfy the commutation relations 


=. | aes sn ee g= [EN + g™ [-M 4+ giM [KN = git [KM 
where g° = —gil — — g32 — — g33 — — git — ], gk — QO for KK +L. 
We define ten antisymmetric quantities S¥© as below: 


SkL — — JK" if K, L+0 

Sok — — i[°* if K = 1, 2, 3, 4. (3) 
These quantities S*" then satisfy the following commutation relations 

(=, } =e 6KM SEN + OKN S-M + 6LM SKN a? 5LN SKM 


where the 5’s are Kronecker symbols. These are precisely the commutation 
relations for the infinitesimal operators of the group of rotations in 5-dimen- 
sions, #5. Irreducible representations of this group have been found by 
Cartan (1913) and Weyl (1925, 1926). 


Let H, = iS“, H, = — iS", 

H = A,H, + A,Hp, 
A,, A, being arbitrary parameters. Let v be a simultaneous eigenvector of 
H, and H, belonging to the eigenvalues r, s respectively. Then 

Hv = (ra, + SA,) v. 


Cartan calls rA, + sd, = W, the weight of the vector v. A weight W is 
defined to be greater than another W’ if in W-W’ the first coefficient not 
equal to zero is positive. 


An irreducible representation of the group 3%; is uniquely determined 


by the greatest of its weights, W = nA, -+ mA, where n> m> o are both 
A4a 















276 K. K. Gupta 


integers or half odd integers. This weight is always simple, that is the space 
spanned by vectors v having the maximum weight nA, + mag, is one dimen- 
sional (Weyl, 1925). The dimension of the representation is 


2(n+ay(m+4@—m+1)@+m +2) 
The multiplicity of an eigenvalue r is 
Lin —-r+1)(n—r4+2)Qm+)ifn>r>m 
or $(n —m +1) {(n —m + 2) (Qm + 1) +2 (r?— 7’) ifm> r>0 (4) 
In consequence of (3) we now obtain, corresponding to the above 
irreducible representation of the group of rotations in five-dimensional space, 
an irreducible representation of the Lorentz group in five dimensions. This 
is the representation denoted by R; (”, m). 
In terms of the I’s 
= A, 1% + A, if** 
= A,a° + A.K4 


where K* = iI'?; we also put K* = iI*%, K? = iI**. Thus in the repre- 
sentation R; (n,m) the maximum weight of a simultaneous eigenvector v 
of a° and K? is nA, + maA,; there is only one such eigenvector and it corres- 
ponds to the maximum eigenvalue n of a° and the eigenvalue m of K3. Thus, 
in the subspace R,, spanned by the eigenvectors of a® belonging to the eigen- 
value m the maximum eigenvalue of K* ism. The representation D,, must 
therefore be contained in the reduction of (” | I” | 2). This representation 
is of degree 2m + 1. But by (4) the multiplicity of the eigenvalue n of a® 
is 2m + 1. Hence R,, transforms according to the single irreducible repre- 
sentation D,, and the three submatrices (n | I” | n) form an irreducible set 
corresponding to the irreducible representation D,,. Therefore (1) describes 
a particle of spin m in the state of its lowest rest mass. 


I wish to express my thanks to Professor H. J. Bhabha for suggesting 
the problem and guiding the work. 
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INTRODUCTION 


NABAR, SCHOLEFIELD AND TURNER! ® have studied in detail the oxidation 
of cotton cellulose by dilute solutions of sodium hypochlorite and have 
shown that the rate of its oxidation is very much increased if certain vat 
dyes in their reduced form are also present upon the fibre. They give data 
which indicate that the accelerated oxidation of cellulose is probably effected 
by a simpler and more consistent mechanism than is the slow oxidation of 
undyed cellulose studied by Clibbens and co-workers.? Unlike the slow 
oxidation, the mechanism of the accelerated oxidation does not appear to 
vary with the pH of the oxidising solution over a fairly wide range. Their 
results further showed that, for leuco-vat dyed cotton, the pH-oxygen 
uptake curve had a striking resemblance to a curve showing relation between 
pH and a value which was named “ the corrected oxidation potential” of 
the hypochlorite solution. If the corrected oxidation potential is repre- 
sented by E,,,.., E being the measured oxidation potential (referred to norma} 
hydrogen electrode), developed when a bright clean platinum wire is immersed 
in a solution of sodium hypochlorite, the pH of which is X, then E,,,. = E + 
0-058 X (20° C.). To explain the above similarity, these authors suggested 
that E,,..,. the corrected potential, may be considered to be either (A) the 
difference between the value representing the measured potential of sodium 
hypochlorite solution and a value representing the oxidation-reduction 
potential of cellulose or (B) the difference between the measured oxidation 
potential of the hypochlorite and the reduction potential of the reduced 
Cibanone Orange R present on the fibre. On this hypothesis, dE/dpH for 
both Cibanone Orange R and cellulose was shown by their results to be 
— 0-058 volts per pH at 20° C. over the pH range examined.’ This value 
for dE/dpH is the same as that for the change in E.M.F. of the hydrogen 
electrode (H + H*— «) with pH at 20°C. It follows, therefore, from this 
hypothesis that at 30° C. the value of dE/dpH for Cibanone Orange R and 
for cellulose should change with temperature in the same manner in which 
it changes for the hydrogen electrode and that the corrected oxidation 
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potentials of hypochlorite at this temperature can be obtained by applying 
0:06 x pH volts correction to the measured potential of hypochlorite. 


The present work was undertaken in order to study the mechanism of 
the acceleration of the oxidation of cellulose in presence of reducing sub- 
stances. Previous work referred to above '* on accelerated oxidation was 
carried out in Manchester at 20°C. The normal working temperatures in 
India, however, are nearer 30°C. It was more convenient, therefore, to 
arrange for the experiments to be carried out at 30°C. Sodium hypo- 
chlorite solutions are complex mixtures, a number of equilibria being 
operative over the whole pH range. In view of the complexity of these 
solutions, a similarity in their physico-chemical properties over a wide 
temperature variation may not be expected. Some of the earlier results, 
therefore, such as the measurement of oxidation potential of hypochlorite 
solutions and the oxidation of cotton cellulose in presence of leuco-vat dyes 
had to be repeated at 30°C. The present paper gives an account of the 
measurements of oxidation potential of sodium hypochlorite at 30°C. and 
shows how the corrected potential, if expressed as E,,,, — E + 0-06 x pH 
at 30° C. affects the relationship between the corrected oxidation potential-pH 
curve and the oxygen uptake-pH curve. If this “corrected oxidation 
potential ’’ is considered as the measure of the oxidising intensity of sodium 
hypochlorite solutions, it is reasonable to expect that at 30°C. also, the 
shape of the curve relating pH to corrected oxidation potential should be 
similar to the shape of the curve relating pH to oxygen uptake at 30°C. as 
was obtained by Nabar, Scholefield and Turner! at 20°C. It is, however, 
interesting to find that the corrected oxidation potential-pH curve at 30°C. 
does not show any resemblance to the curve showing relation between oxygen 
consumption and pH at this temperature. It appears therefore that the 
method of applying correction to the measured values of oxidation potentials 
is not substantiated by results obtained by actual measurements. 


EXPERIMENTAL METHODS 


Sodium hypochlorite used in these investigations was prepared accord- 
ing to the method of M. Musprat and E. S. Smith. The stock solution 
contained 2 to 2:5N free alkali, 150-160 gms. per litre of active chlorine 
and was practically iree from chlorate and carbonate. 


Determination of the concentration of available chlorine —This was done 
by acidifying an aliquot portion of the diluted hypochlorite solution, adding 
excess of potassium iodide and titrating with standard sodium thiosulphate 
solution. The concentration of active chlorine in buffered sodium hypo- 
chlorite solutions used for measuring the oxidation potential was adjusted 
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as near as possible to 3 gms. available chlorine per litre. The pH of the 
buffered sodium hypochlorite solutions was determined by using Morton 
type glass electrode system and a valve potentiometer supplied by Cambridge 
Scientific Instrument Company, Ltd., England. 


Determination of oxidation potentials.—The apparatus and procedure for 
the determination of oxidation potential of hypochlorite solutions was the 
same as that described by Nabar, Scholefield and Turner.1 The method is 
based on the one used by Remington and Trimble.> Platinum electrodes 
cleaned with strict adherence to detail described by them, were placed in 
buffered sodium hypochlorite solutions and the potential developed was 
measured by combining them with a saturated calomel half-cell. The 
E.M.F. of the resultant cell was measured on the valve potentiometer referred 
to above. Close agreement between individual electrodes was obtained. 
All measurements were carried out at 30 + 0°1°C. 


Buffer systems.—The pH range examined has been covered by the follow- 
ing buffer systems :— 


(a) Mixtures* of N/5 potassium di-hydrogen phosphate with N/5 di- 
sodium hydrogen phosphate for pH values between 5 and 8. 


(b) Mixtures? of sodium borate and N/10 hydrochloric acid for pH 
values between 8 and 9-15. 


Cotton.—Fully bleached 18’s yarn manufactured from Indian cotton 
was used for oxygen consumption experiments. The grey yarn was sub- 
jected to standard bleaching treatment ensuring more or less complete 
removal of impurities from the cellulose. After thorough washing, drying 
and conditioning, the cotton had the following properties :— 


Cuprammonium fluidity® (0-5% solution) os i 
Copper number® (Heyes’ method) ie . a 
Milliequivalents!® of —COOH per 100 gms. of illite 0°5 


Method of dyeing. —Cibanone Orange R was pasted with a small quantity 
of monopol soap and dispersed in two litres of cold water. Calculated 
quantities of caustic soda and hydrosulphite were added while stirring the 
mixture. It was then gradually heated to 60°C. and then allowed to vat 
at this temperature for 30 minutes. 100 gms. of cotton yarn was wetted 
out with water containing little alkali and hydrosulphite. It was squeezed 
and then worked in the dye solution for 3th of an hour. The cotton, as far 
as possible, was kept immersed below the surface of the liquor during the 
dyeing. It was then removed from the dye-bath and excess liquor evenly 


wrung out. The dyeing was then kept immersed in cold running water till 
A5Sa 
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the oxidation of the dyeing was complete. This took about 2 hours. | 
was squeezed, allowed to dry and condition in dark and stored away from 
dust and light. 


Reduction of the dyeing.—\0 grams of the dyed yarn was treated with 
a cold 2% sodium hydrosulphite solution for 3 minutes, since it was observed 
that the reduction of the dyestuff takes place within the first half a minute 
after coming in contact with the hydrosulphite solution, as seen by a chang 
in colour. The dyeing was then removed from the hydrosulphite bath, the 
excess solution wrung out rapidly and the reduced dyeing immersed at once 
in cold distilled water from which air had been expelled by previous boiling. 
It was kept stirred below the surface of water for one minute and then trans- 
ferred to another such bath. This was repeated five times. Finally, the 
yarn was squeezed between fingers to remove the excess water and at once 
transferred to a hypochlorite solution suitably buffered and kept ready in 
a stoppered flask. 


The repeated washings of the reduced dyeing described above were 
sufficient to remove any impurities carried from the reduction bath by the 
cotton. 


Hypochlorite treatment of the reduced dyeings and the determination of 
the oxygen consumed.—The method is similar to the one used by Nabar, 
Scholefield and Turner.t 10 gms. of the reduced vat dyeing prepared by 
the procedure described above was used for oxidation experiments. It was 
found by experiment that this weight of cotton approximately displaced 
10 c.c. of water. It is impossible to get the reduced and washed dyeings in 
dry condition and hence it is necessary that the reduced dyeings are trans- 
ferred to the hypochlorite solution in a wet state. The cotton therefore 
carries with it an indeterminate weight of water and dilutes the hypochlorite. 
To allow for this dilution, the following procedure was adopted. 


A flat bottomed flask was graduated to hold 560c.c. (550c.c. for the 
liquor and 10 c.c. for cotton). In this flask, 500 c.c. of the buffered sodium 
hypochlorite solution were placed. After the introduction of the wet dyeing, 
the volume was made up to 560c.c. with cold distilled water. This diluted 
the original 500 c.c. of the hypochlorite solution to 550c.c. Side by side 
from the stock solution, a further 227-3 c.c. of the solution was taken and 
diluted to 250 c.c. with distilled water to correspond with the solution used 
in oxidising the dyeing. This was used as a control experiment. After 
hypochloriite treatment (10 minutes), the liquor which remained was ana- 
lysed for the concentration of available chlorine and its final pH determined. 
At the same time, pH and the concentration of available chlorine in the 
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control experiment was found out. From the difference in the concentra- 
tions of available chlorine in the control experiment and the solution after 
treatment, the net amount of oxygen used during the treatment can be calcu- 
lated. The pH of the control solution and of the one after the treatment 
was more or less the same. 


The reduction and oxidation experiments of the dyeing were carried 
out in a dimly lit room. The hypochlorite solution used for the oxidation 
experiments was always set at about 3 gms. available chlorine per litre. The 
time of treatment was exactly 10 minutes. During the treatment, the dyeing 
was stirred regularly below the surface of the liquor to ensure uniform con- 
tact. The concentration of available chlorine was determined by using 
5c.c. of the solution at a time, adding 3 c.c. of 10% potassium iodide and 
acidifying with acetic acid. The liberated iodine was titrated with N/50 
sodium thiosulphate solution using starch as indicator. 


The oxidised cotton was washed thoroughly free of chlorine. 


Determination of cuprammonium fluidity —The cuprammonium fluidity 
of the various oxidised samples was determined by the standard B.C.LR.A.° 
method. Owing to the high level of degradation of most of the samples, 
the fluidity was determined in 1% solution. The final values are for cotton, 
for 1% solution and are corrected for loss of kinetic energy due to the rapid 
flow of the issuing solutions. 


EXPERIMENTAL RESULTS 


The experimental results are described in Tables I to II]. The measure- 
ments of oxidation potentials and the values of the “ corrected oxidation 
potentials > are shown in Table I. The relation between measured oxida- 
tion potentials and pH is shown in Fig. | and the relation between corrected 


TaBLE I. Oxidation potentials of sodium hypochlorite solutions at 30° C. 








pH of hypochlo-| Oxidation poten- eutsie donated 
rite solution tials (millivolts) iccaetien =60 x pH mv.) 
| 

9-13 979 1527 
8-26 1052 1554 
7-92 | 1990 1565 
7°48 1128 1577 
7-04. 1158 1580 
6-59 | 1200 1590 
5-98 1233 1593 
5-60 | 1261 1597 
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oxidation potentials and pH of the hypochlorite solutions is shown in 
Fig. 2. 
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Fic. 2. Relation between ‘corrected oxidation potential’ and pH of dilute solutions of 


sodium hypochlorite. 


The values of oxygen consumption by leuco-Cibanone Orange R dyed 


cotton at 30° C. are shown in Table II. 
sumption and pH is shown in Fig. 3. 


The relation between oxygen con- 
For the sake of comparison similar 


curve at 20° C. reproduced from the paper by Nabar, Scholefield and Turner’ 
is shown in the same figure. It is seen that the general shape of the two 
curves is very similar, both showing maximum oxygen consumption at about 
pH 7-3. It is interesting to note that the curve at 20°C. stands higher than 


the one at 30° C., the reasons for which, ‘at present, are not quite clear. 
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TABLE II. 
consumption by Cibanone Orange R dyed cotton. Temp. 30° C 
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Relation between pH of hypochlorite solutions and oxygen 











pH of the hypochlorite | Milliatoms of Oxygen consumed 
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Fic. 3. Relation between the oxygen consumed by ‘euco-Cibanone Orange R dyed 
cotton and pH of the sodium hypochlorite solution. 
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TABLE III. Relation between cuprammonium fluidity of the treated dyeings 
and the pH of sodium hypochlorite solutions. Temp. 30° C. 














Fluidity of original dyeing (1% soln) = 1-15 
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Cuprammonium fluidity 
























































___ solution | _(1% solution) | 
4-99 13-3 
5-68 23-67 
6-08 25-87 
7°30 30-35 
8-07 26-37 
8°54 22-62 
9-06 18-56 
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Fig. 4. Relation between the cuprammonium fluidity of the treated cotton and the pH 
of the sodium hypochlorite solution. 
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The values of cuprammonium fluidity of the treated dyeings are given 
in Table III. The relation between the cuprammonium fluidity and pH is 
shown in Fig. 4. Similar curve at 20°C. from the above paper! is also 
shown in the same figure for comparison. It will be seen that, what has 
been said about the oxygen consumption-pH curves above, is also equally 
true for the cuprammonium fluidity-pH curves. The maximum degradation 
of the cellulose occurs at that pH at which maximum oxygen consumption 
also takes place. 

DISCUSSION 


An examination of the curves in Fig. | reveals that the values of the 
oxidation potentials of sodium hypochlorite solution at 30° C. are higher 
than those at 20° C., the differences being more marked on the acid side of 
neutrality. This may be expected, since it is known that hypochlorites are 
more active at higher temperatures. A careful study of the curves further 
reveals that from pH values of approximately 7 and above, the two curves 
practically possess the same slope, but below pH 7 the slopes become differ- 
ent. It is found that for this portion of the curve at 30°C., the slope is 
nearly twice that at 20° C. 


Still more interesting is the effect of temperature on the corrected oxida- 
tion potentials. From Fig. 2, it is seen that the corrected potentials at 20° C., 
when related to pH, show a maximum value between pH 7 and 8. A similar 
curve at 30°C. does not, however, show any maximum at all. Nabar, 
Scholefield and Turner’ have shown a striking resemblance between the 
shape of the curve relating pH to corrected oxidation potential and a curve 
relating pH to oxygen uptake by leuco-vat dyed cotton at 20°C. This is 
clearly seen from Figs. 2 and 3. If the intensity of oxidation of sodium 
hypochlorite solution is represented by corrected oxidation potential, 
obtained by applying a correction of 0-058pH volts at 20°C. or 
0-06 x pH volts at 30°C. to the measured potential, then, as in the curves 
in Fig. 2, a similarity in the shape between pH-oxygen uptake curves and 
the pH-cuprammonium fluidity curves at 20°C. and 30°C. respectively, 
in presence of leuco-Cibanone Orange R, may not be expected. The curves 
showing the relationship of pH with the oxygen uptake by leuco-Cibanone 
Orange R dyed cotton at 30° C. (Fig. 3) as well as that of pH with the 
cuprammonium fluidity of the treated cotton (Fig. 4), however, show a com- 
plete resemblance in shape to those at 20° C. 


These results, therefore, indicate that the method of applying correction, 
as suggested by Nabar, Scholefield and Turner, though satisfying the require- 
ments at 20° C., is not applicable to the results at 30° C.; otherwise a complete 
similarity in the shape of the following curves, viz., pH-corrected oxidation 
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potential, pH-oxygen consumption and pH-cuprammonium fluidity, both 
at 20°C. and 30°C., would have been obtained. It appears, therefore, 
that their suggestion that the ‘ corrected oxidation potentials ’ should repre- 
sent the measure of the oxidising intensity does not appear to be sub- 
stantiated at 30° C. 

SUMMARY 


(1) The measurement of oxidation potential of dilute solutions of sodium 
hypochlorite has been carried out at 30°C. by a method used successfully 
by various investigators. 


(2) The values of the oxidation potential at 30° C. are higher than those 
at 20°C. The differences in the potentials become more and more marked 
with reduction in the pH of the hypochlorite solution. 


(3) A correction of pH x 0-06 volts to the measured potentials at 30° C. 
does not show any maximum value over the pH region examined. A sharp 
change in the direction of pH-corrected oxidation potential curve, how- 
ever, occurs at about the same pH at which a maximum is obtained at 20° C. 


(4) There exists no similarity between the corrected oxidation potential- 
pH curve at 30° C. and a curve showing relation between oxygen uptake or 
fluidity and pH at 30°C. Nabar, Scholefield and Turner’ had shown a 
striking resemblance between these curves at 20° C. 
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